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The innovation of the early weaning of baby pigs, 
with the development, at this station, of a successful dry 
ration, suggested many practical and academic problems. 
The solutions to these problems were not only to add 
sophistication to this major development; they would also 
enhance the nutritional and physiological knowledge con­
cerning the baby pig. In so doing, new developments in 
the agricultural industry could be taken in their stride, 
adapted, and applied to this system, and new and real paths 
of progress could more readily be anticipated, envisaged, 
and pursued to their conclusions, in order that the stoic 
pig could be made to fit into the ever changing agricultur­
al economy. 
The pig at birth is relatively deficient in vitamin A, 
but subsequently receives a considerable quantity of this 
factor from its mother's colostrum, and less, though a 
sizeable quantity, from the following milk. This milk is 
the ideal food for the pig from the point of view of Nature, 
and the vitamin A it contains is readily available. 
Does the early weaned pig need the same quantity of 
this vitamin as the suckling pig, or has Nature in her 
abundance supplied more than is needed for a pig, which is 
to be raised under shelter and is destined for the butcher? 
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Can this pig receive too much vitamin A, as well as too 
little, from the health standpoint, and is this need in­
fluenced to any large extent by more rapid growth and en­
vironmental stress? With the advent of vitamin A in a 
dry carrier, highly digestible, and stabilized against the 
rigorous oxygenic conditions in the feed (where quality 
control is becoming a must), and the intestine, this pos­
sibility of excessive intake becomes more real. This dry 
and stabilized form of the vitamin, which has been used in 
the experiments to be described, is relatively expensive, 
further emphasizing the necessity of ascertaining for it 
an optimum input. 
Some of these points have been examined more closely 
in this dissertation. 
The first 6 experiments were carried out in an effort 
to develop criteria for measuring the adequacy of the diet 
in respect to vitamin A. In evolving these criteria four 
objectives were kept in mind: 
1) Sensitivity - the method must reflect accurately 
the condition of the animal. Small differences in respect 
to the dietary vitamin A status must elicit large and con­
sistent observable differences in the response measured. 
2) The technique of using each criterion must be 
relatively easy and rapid in execution. 
3) Diverse criteria must be used concomitantly, so 
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that a more dependable answer Is forth coming. It is known 
that vitamin A fulfills several different functions in the 
body, in diverse organs and tissues. Since the tissue re­
quirements for these functions are not necessarily equiva­
lent it is necessary to survey enough of these roles in 
order that one of importance, most sensitive to a relative 
lack of the vitamin is ascertained. Or, in other terms, 
recognition of the function first to become abnormal, is 
possible, as the dietary content is lowered or raised too 
high. This function must also be crucial from the view­
point of general health and be directly or indirectly re­
lated to factors of economic importance in the production 
of meat. 
4) By studying the different aspects of the vitamin 
in the body more light would be thrown on its metabolic 
role, which is as yet not understood, except in its in­
volvement with night vision. This latter has little econ­
omic importance here. 
These response criteria were employed in the next 3 
experiments to assess the baby pig's requirement under good 
conditions. 
The last 2 experiments were carried out to estimate 
the influence of environmental temperature on the require­
ment, and to answer problems which arose in the measurement 
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of this. These latter experiments are but the overture to 
much work which must be done on the relationship of environ­
mental variation to nutrient requirement, about which little 
is understood. 
The literature reviewed has been confined to those 
papers in the fields of vitamin A which are concerned in 
the experiments to be described. For instance, research 
on carotenoids, which substances have little importance for 
the early weaned baby pig, has not been included. Excep­
tions are made in the case of those investigations which 
also involve vitamin A, or where certain aspects of caro­
tenoids have been investigated which have particular rel­
evance to this study. In addition some of the key ref­
erences concerning antioxidents have been included. This 
was done since the problem of stability is a very important 
one with such a highly unsaturated molecule as vitamin A. 
In addition the antioxidant properties of N,NT diphenyl-p-
phenylenediamine, hereafter referred to as DPPD, were 
tested to some extent in the first three experiments. 
All the experiments, with the exception of experiments 
688 and 755» were performed at the State Street Swine Nu­
trition Farm. The two exceptions were sulfur^ metabolism 
experiments, which were carried out in the Laboratory of 




Observations of symptoms in individuals, which from 
the description, leave little doubt that they suffered 
from a condition involving vitamin A deficiency, go back 
to the early Chinese, Egyptians, and Hebrews (112), who 
appreciated the remedial powers of liver. More recently, 
about 200 years ago, the Scandinavians and British used 
cod liver oil to cure rickets and night blindness. In 1857 
Livingstone commented on eye abnormalities possessed by 
ill fed Africans. 
However, in the early scientific era of the nutrition 
of vitamin A, paradoxically, it was mainly the failure to 
obtain normal growth of experimental animals over long 
periods of time on purified diets, rather than the observa­
tion of striking abnormalities, which was the touchstone 
for progress. By the growth method, Osborne and Mendel 
(184, 185) and McCollum and Davis (152), in 1913, postu­
lated that there was present in butter fat some factor es­
sential to the rat. This factor they believed to be anal­
ogous to the "vitamines". In 1915 McCollum and Davis, as 
a result of this, formulated the hypothesis that there 
were two such dietary essentials for the rat - "fat soluble-
A" and "water soluble-B". With this differentiation the 
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dietary error under discussion became linked to a deficiency 
of the former. 
The early understanding of the situation was clouded 
by the use of cod liver oil. as a source of vitamin A. The 
existence in the oil of vitamin D was unknown. 
About this time the clinical symptoms ? ,ciated with 
a deficiency of this fat soluble fraction smarted to appear 
in the scientific literature. Goldsmidt in 1915, working 
in HopkinTs laboratory, described keratomalacia in rats 
eating Hopkin's purified diets. In 1917 McCollum and 
Simmonds (155) described the most obvious symptoms in the 
rat, xerophthalmia. It was also realized that both nyctal­
opia and xeropthalmia were associated with a deficiency of 
dietary fat. 
Subsequently, Steenbock in 1919 (228) found yellow 
vegetables to be a good source of vitamin A. Moore (168, 
169) was able to prove carotene to be provitamin A, thus 
finding the reason for the lack of color in cod liver oil. 
In 1922 McCollum and Associated (154) discovered vitamin D, 
so differentiating between the two fat soluble factors. 
More descriptions of vitamin A deficiency appeared: 
Wolbach and Howe, in 1925 (251), published the first of 
their many descriptions; Mellanby, about this time (l60), 
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commenced his investigations, which were to last a life­
time, on the neurological manifestations. Karrer et al. 
in 1930 (121, 122) determined the structural formulae for beta 
carotene and vitamin A. 
Deficiency symptoms 
The xerotic condition of the eye, in which inflamma­
tion in and around the eye lids occurs, caused by accumula­
tion of keratinized cells, is one typical of epithelial 
tissues in a deficiency of vitamin A (80). Keratomalacia, 
renal calculi, periodontal hyperplasia, lesions of the mid­
dle ear, and certain reporductive failures can probably be 
attributed to metaplasia of epithelial tissues, in which 
dry squamous keratinizing epithelia develop from undiffer­
entiated basal cells and replace the previously existing 
membrane. In the human this may be followed by typical 
follicular hyperkeratosis (251). 
Infections seem to be a direct result of structural 
disorganization in epithelial tissues (90), which permits 
an accumulation thereon of chance microorganisms that 
would not normally be pathogenic. Vitamin A does not ap­
pear to influence immunity reactions, no success as a pro­
phylactic measure against respiratory infections having 
been obtained (257, 144, 183). 
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Ocular lesions are the most obvious in the human, 
where long continued deficiency of vitamin A in adults 
leads to nyctalopia. This is usually the earliest de­
ficiency symptom. In children, however, xerophthalmia 
with or without keratomalacia is the more usual symptom 
(17). In mi I'd xerophthalmia the human conjunctiva becomes 
dried, then wrinkled and thickened, and occasionally chalky 
white specks appear, known as Bitot's Spots ( 15). Severe 
cases of corneal xerosis may give rise to corneal ulcers. 
Xerophthalmia, in India, has been so common that it is said 
to have been the principal cause of blindness (257)• 
In Yucatan one child in every five was a victim (33)• 
Typical symptoms in pigs have been described (99)» 
which occur when plasma vitamin A has fallen below 15 
mcg./lOO ml. These workers demonstrated an increase in 
cerebrospinal fluid pressure at 7 meg., which was prior to 
the occurrence of night blindness. The obvious symptoms: 
tilted head, incoordinated hind legs, weak back, tonic 
spasms, and a brown greasy exudate over the body, occurred 
when the plasma level reached 5 mcg./lOO ml. Typical ex­
ternal vitamin A deficiency symptoms and depression of plas­
ma vitamin A were noticed (105) in hyperkeratosis ( X dis­
ease) in calves. The situation was partially alleviated by 
therapy with vitamin A. 
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A deeper understanding of the vitamin's role in epi­
thelial tissue was reached by Fell and associates (63), 
who grew expiants of chick ectoderm in a normal medium. 
This led to the development of normal squamous keratin­
izing epithelium. However, when the ectoderm was grown in 
excess vitamin A, suppression of the keratinizing type 
occurred, and its place mucus secreting ciliated epitheli­
um evolved. It thus appears that some chemical process, 
uniquely related to normal differentiation in the basal 
cells, of epithelial tissues, is very much related to its 
immediate vitamin A nutrition. VTolbach and Bessey (249) 
summarize the situation by saying that congestive atrophy 
and necrosis of the epithelium is followed by a reparative 
proliferation of the basal cells and growth and differ­
entiation of the new products into a stratified keratinizing 
epithelium. It thus would seem that vitamin A stimulates 
the formation of soluble oncoproteins and depresses the 
formation of proteins of the insoluble type, typified by 
keratin (149). Mucoproteins contain about 4 percent acetyl 
glucosamine or some other amino derivative of a sugar. 
Vitamin A appears to stimulate directly or indirectly the 
formation of sugar amino derivatives or directs their 
combination with protein molecules. 
Although the vitamin A needs of the sow during gesta­
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tion are unknown, and further, even though only small 
quantities of vitamin A cross the placenta to the develop­
ing embryo, symptoms of deficiency in the newborn pig have 
been produced (63). Here piglets were produced either 
having no eyeballs, or at least suffering from microphthal­
mia. Other symptoms included harelip, cleft palate, ac­
cessory ear-like growths, malformed hind legs, failure of 
the kidneys to ascend, otocleisis, ectopic ovaries, and bi­
lateral cryptorchidism. These conditions are either con­
nected with epithelial tissue growth, or the development 
of cartilage and bone in conjunction with time. The time 
factor is most patent in the case of the eyes, where the 
condition depends on how early in gestation deficiency com­
mences. 
With rats a somewhat different situation exists (237) • 
Of those which are not reabsorbed the retrolenticular mem­
brane and vitreous humour, at birth, may be found to be 
replaced by fibrous tissue. In addition the following con­
ditions were observed (237)• edematous swelling, hemor­
rhages of subcutaneous tissue, underdeveloped lungs and 
diaphragm, spongy heart, liver protruding into the pleural 
cavity, hypoplastic kidneys, the renal pelvis and ureters 
not distended as in normal rats, undescended testes, and 
malformations of the major arteries derived from the embry­
onic aortic arch system. 
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Blood and liver vitamin A 
The human plasma level lies for the most part between 
30 and 50 mcg./lOO ml. When receiving a vitamin A free 
diet, the vitamin A content remains relatively constant 
for a few months and then slowly decreases to about 10 
mcg./lOO ml. within a year (107). 
Evidence of decreased night vision usually appears at 
levels below 15 to 20 mcg./lOO ml. 
Experimental animals receiving graduated intakes of 
vitamin A show a predictable correlation between intake 
and plasma content up to 25 to 30 meg./100 ml. Thereafter 
the average vitamin A concentration increases at a much 
lower rate with further intake, although day to day values 
show considerable variation. Liver storage of vitamin A 
is manifest in the rat at about this same level (25 to 
30 meg.). Defective night vision occurs in a number of 
species when the blood values fall below 15 to 20 meg./ 
100 ml. plasma. At intakes of vitamin A which lead to 
liver storage, factors other than intake become important 
in governing blood levels (78, 136, 137)• 
Animal stores of vitamin A are very largely in the 
form of esters of higher fatty acids such as oleic, pal-
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mitie, and stearic, but small quantities of free vitamin 
A circulate in the blood. The liver storage occurs in the 
true liver cells and the phagocytic Kupffer cells. Liver 
esterase is thought to release vitamin A alcohol into the 
blood from the ester (176). Evidence that pathological 
processes such as trauma, certain infections, etc., may 
lead to lower blood and liver values in the presence of a 
supposedly adequate intake has been presented (120). This, 
it is postulated, may be a result of increased secretion 
of the adrenal steroids. 
Boyer et al. (23), state that plasma vitamin A is a 
more delicate measure of the state of vitamin A nutrition 
in the calf than either growth or blood carotene. Twelve 
meg. of vitamin A/kg. body wt. is sufficient to maintain 
a blood plasma vitamin A level of 10 mcg./lOO ml. on the 
average. Connecticut workers have studied vitamin A de­
pletion in the calf in a series of reports. They found 
(202) that the level of food intake of a vitamin A deple­
tion ration has no influence on the quantity of plasma 
carotenoids or vitamin A. However, these substances were 
in greater concentration in the liver of calves on the high 
level of feeding. Nevertheless, muscular incoordination 
papillary edema and particularly squamous metaplasia of the 
parotid interlobular ducts were in greater evidence in those 
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calves receiving the high level of feeding. 
In 8 month old cattle, on increasing the vitamin A 
intake from zero to as high as 500 I.U./lb. body wt. daily 
in equal arithmetic increments, the serum content increases 
rapidly up to 100 I.U./lb. body wt./day and thereafter in­
creases very little, maintaining a level of about 55 meg./ 
100 ml. serum (70). A similar response was elicited from 
pigs (66) fed cod liver oil — the amount retained by the 
liver although paralleling the intake through the range 
tested was only about 30 percent of the intake. In 1944 
(41) it was shown that vitamin A is stored and released 
from the liver by mechanisms independent of other processes 
taking place in this organ, and that the liver fat could 
be extracted without removing the vitamin A from the liver. 
Rousseau and co-workers quantitized the relationship between 
the plasma and liver in the dairy calf receiving between 0 
and 10 meg./lb. body wt./day (204). This relationship could 
be described by an equation of the form Y = a + b (log x), 
Y s plasma cone, and x = liver eonc. Animals receiving a 
vitamin A-deplete ration demonstrated a lower intercept on 
the Y axis than those fed a ration containing a minimum 
quantity of vitamin A. Nevertheless, the slopes were sim­
ilar. This situation lends itself to the explanation that 
in the first case the liver is maintaining the plasma level, 
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while in the second the diet fulfills this role, and the 
plasma in turn maintains the liver concentration. A log­
arithmic transformation of the plasma level was also used 
to maintain homogeneity of variance — the intake was in 
turn transformed to log log. When vitamin A from a dry 
carrier and carotene from dehydrated alfalfa meal were fed 
to calves simultaneously between the ranges of 4 and 62.5 
meg. of vitamin A and between 20 and 312.58 meg. carotene/ 
lb. live wt./day, they brought about plasma and liver 
vitamin A levels and total body storage which were line­
arly related to the log of intake (46, 48). Similar work 
(244) corroborates this evidence. Although the vitamin A 
and dehydrated alfalfa were fed simultaneously, they were 
additive in respect to the concentrations of vitamin A 
which they produced within the blood and liver. Thus 
neither appeared to have an adverse affect upon the utili­
zation of the other. However, the inclusion of vitamin A 
suppressed both plasma and liver carotenoids; although 
the questionable biological value to the bovine animal of 
body stores of the provitamin make the practical signifi­
cance of this observation small and difficult to evaluate. 
Sobel and co-workers (218) showed that the unsaponi-
fiable fraction of fish liver oil dispersed in water (Dis­
persing Agent - Tween 20, which is Sorbitan monolaurate 
15 
polyoxyethylene derivative) produced three times the total 
vitamin A storage in the liver of rats as the same fraction 
dissolved in maize oil. A similar situation held for dis­
tilled natural esters, but the difference was only 2.2 
times (these usually contain 10 to 30% in the alcohol form). 
This logically follows from the fact that the natural esters 
are 1.5 times as efficient as the unsaponifiable fraction 
of liver oil in promoting liver storage. This superiority 
of the ester over the alcohol, which must stem to a great 
extent from its greater stability, holds also for intra­
venously injected samples of the vitamin (159). Vitamin A 
alcohol appears to be absorbed principally via the lacteals 
in the guinea pig (256). 
Vitamin A ester, ingested in an oily solution and 
saponified by pancreatic lipase, is absorbed mainly as the 
alcohol in the duodenum and upper jejunum (81). The vitamin 
is reesterified to a large extent in the wall of the in­
testine and is transported as ester in the lymph and blood 
(51), and stored as such in the liver. If the ester is 
finely emulsified, saponification appears not to be nec­
essary. Individuals who cannot secrete pancreatic lipase 
are unable to absorb vitamin A ester unless it is admin­
istered in a fine emulsion. However, in this condition the 
alcohol can be absorbed, whether emulsified or not. This 
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and other aspects are discussed in a good review (116), 
These earlier findings have been substantiated by many 
later investigations with other species. 
Generally, aqueous dispersions of vitamin A are better 
utilized than oily solutions —- in the case of the mother 
rat, about four times as measured by storage in their young 
(219); and also with the dairy calf (111), in which this 
is true for both the ester and the alcohol. These latter 
workers suggest that the ruminant, which exhibits a greater 
and more rapid absorption of the aqueous dispersion, may 
lose much of this oil by its absorption farther along the 
digestive tract after it has been subjected to a greater 
opportunity for oxidation (110). Carotene uptake from oil 
by dairy calves is improved when it is homogenized in milk; 
but the natural ester, which is absorbed more rapidly than 
carotene, behaves just as efficiently if it is stirred in 
milk (245). Tween compounds were shown to improve vitamin 
A absorption. 
The utility of Tween compounds has been demonstrated 
for premature infants, where their presence increases both 
fat and vitamin A absorption (217, 173); though their bene­
fit to chicks as measured by serum vitamin A levels is 
hardly apparent (227). Dispersing agents reduce the parti­
cle size of the oil which acts as the vitamin A carrier (174). 
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With the introduction of vitamin A in a dry carrier much 
research has shown its efficacy, and superiority over fish 
liver oil for chicks and laying pullets (77). 
Results of experiments with raw soybeans are inter­
preted as showing them to contain an agent causing reduced 
carotene utilization by dairy cows. This factor is present 
to a lower extent in the expeller process soybean oil (226). 
Other workers have found that the presence of added soybean 
lecithin in the diet of the dam before parturition has no 
influence on the vitamin A stores of the lamb or pig, at 
birth and 30 days of age (53) • However, Kramke et al. (125) 
found that when 0.75% alfalfa meal was used as a source of 
carotene for chicks and poults, the carotene utilization 
and growth were improved by inclusion of crude soybean lec­
ithin, defatted lecithin or crude soybean oil. The lip­
otropic agents dl-methionine and choline chloride, but not 
vegetable lecithin, have a similar effect on carotene util­
ization in Jersey calves; but these agents are unable to 
improve vitamin A utilization (44). The liver storage of 
carotene, but not of vitamin A, is apparently increased by 
the addition of 7 percent of inedible animal fat to the 
wintering ration, including alfalfa, for Hereford steers 
(61, 62). 
Carotene, emulsified in either fresh fluid non fat 
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milk or reconstituted non fat milk, -was found to be more 
effectively utilized by rats for hepatic storage of vita­
min A than carotene emulsified in water. Vfhen vitamin A 
acetate was tested, no difference in storage occurred be­
tween the fresh non fat milk and water homogenates, but 
the reconstituted milk significantly lowered the storage. 
Sodium bentonite, used as a binder in pelleted feeds, 
is believed to adsorb vitamin A, and in doing so also con­
verts it to the anhydro form (134). This substance reduces 
the absorption of vitamin A and beta- carotene from the 
gut of the rat (133) and also of the chick (135)• 
T. Moore has contributed much to our knowledge of 
vitamin A absorption and utilization. In 1931 (170) he 
calculated that 95 percent of the total vitamin A storage 
occurs in the liver of the rat. In the partially depleted 
state the kidney assumes some importance for storage, par­
ticularly in the male, and may even store more than the 
liver when the animal receives as little as 20 I.U. daily 
(56). 
Mobilization of liver reserves 
Vitamin A is stored in the liver of the rat principally 
as the ester and mobilized as the alcohol, which is the 
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functional form. The plasma content is thus proportional, 
more precisely, to the level of the alcohol in the liver, 
and to a much lesser extent to the total vitamin A reserves 
of the liver (78). Plasma vitamin A maintains its concen­
tration even when the liver storage approaches exhaus­
tion (78). It can readily be appreciated that as defi­
ciency is prolonged, the equilibrium, vitamin A alcohol 
fatty acid ^  vitamin A ester, moves to the left. It is 
postulated (78) that the alcohol is dispersed in an aque­
ous medium, possibly as a protein complex, whilst the ester 
occurs in fat droplets. An esterase, which possibly func­
tions only at the water-oil interface catalyzes the re­
action. The amount of ester brought into contact with the 
enzyme would then be directly proportional to the area of 
the interface, and the concentration of the ester in the 
oil would be of less consequence. Popper and Brenner (196) 
by an ingeneous fluorescence technique demonstrated that as 
rats are depleted of vitamin A, the droplets of oil in the 
liver become smaller and more numerous. This would, of course, 
increase the effective concentration of ester in the liver 
and so facilitate the maintenance of a steady level in the 
plasma. More recently (75) this evidence of a relationship 
between liver and plasma vitamin A alcohol has not been 
corroborated, except in a very approximate fashion. 
In this work, following a single do<se of vitamin A to de-
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pleted male rats, the ester rises to a sharp peak in the 
plasma, yet the free form has a relatively lower rate of 
increase. The former rises in the liver for up to 18 hours, 
but the alcohol after 5 hours reaches a fairly constant 
amount. Female rats have, on the average, a higher liver 
alcohol concentration than males. It is thought by these 
investigators that the two forms of vitamin A are associ­
ated with different proteins in the plasma. 
From the results of in vitro studies (104) it was 
postulated that during metabolism the natural ester is con­
verted to shorter chain esters before final hydrolysis to 
the alcohol, that the liver is the chief site of this proc­
ess, and that the kidneys are the chief location for post-
absorptive esterification. 
Erause (126) was able to show, in the normal male and 
female rat, an inverse relationship between blood serum 
vitamin A level and the total liver content, between the 
limits of 600 and 2400 I.U., as total liver stores. Below 
600 I.U., in males, there was instead, a parallelism be­
tween the two tissues. During depletion the male rats lost 
their liver reserves more rapidly than did the females; al­
though the males continued to gain when the livers con­
tained less than 100 I.U. and the serum level was near to 
depletion. This situation might be explained by the ob­
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servation (171) that at relatively low intake levels the 
male rat stores five times more vitamin A in the kidney 
than does the female. Nevertheless, the total kidney 
storage is small (19), and it is suspected that there is 
another site of storage in the male rat, and that this 
may be in a form not detected by normal tests. At rela­
tively low intake levels the female stores twice as much 
in the liver as the male (171), a situation which still 
prevails even at high dosages, where the kidney storage be­
comes of minor consequence. This suggests the possession 
of a greater efficiency by the female, although she main­
tains a lower plasma level than the male. Further work 
(172, 18) suggests that this sex differential could be 
partly explained by an effect of the sex hormones, in par­
ticular, estradiol. Part of the effect may also be ex­
plained by the slower growth of the female existing as less 
of a drain on the liver stores of the vitamin. Doubtless 
the major portion of this greater efficiency is the conse­
quence of a true sexual dimorphism in the rat, as it has 
been shown (19) that within one sex there is little cor­
relation between growth rate and liver storage. Further, 
at minimum intakes of 2 I.U. daily/rat, males still main­
tain their growth superiority (82). Many papers on this 
and related subjects are discussed in a good review by 
Moore in Herriott (101, p. 28). 
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Vitamin A is not excreted in most species and must 
therefore be degraded. The Kupffer cells of the liver are 
active in this respect. Erythrocytes of the normal rat 
also function as destructive agents. This latter system 
decreases with age and is absent in rats over 6 months old. 
It is also absent from chicks (193). 
It has been shown quite clearly that aureomycin in­
creases the efficiency of utilization of vitamin A in the 
rat (177, 178). This influence is not mediated through an 
increased absorption from the intestine, but through some 
process during intermediary metabolism (179). 
Maternal nutrition of the young 
The bovine fetus has a vitamin A reserve which is 
proportional to that of its mother. However, the fetal 
reserve is so very low that large differences in the 
mother's diet result in only unimportant differences in 
that of the fetus. Nevertheless, most influence is ex­
erted by the maternal diet near parturition (27, 223) • 
Although the requirement of the fetus must be low, 
embryonic abnormalities have been demonstrated in the 
rabbit when the doe is apparently healthy (132, 130). 
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It has long been realized that the placenta acts as 
a barrier to the transfer of vitamin A (71). The newborn 
infant has a blood vitamin A level only half that of its 
mother (143). Though part of the influence appears to be 
the result of the inherent structure of the placenta, 
nevertheless, inhibition is apparent in all placental 
types, and is, in fact, a consequence of, or at least is 
particularly associated with, a high lipid concentration 
in the placenta (195). Williamson was able to reduce the 
rat fetal liver vitamin A by 50 percent, through feeding up 
to 8 percent of the diet to the dam, as cholesterol (242). 
This was associated with an increased lipid content of 
the placenta. Nevertheless, in considering the divergence 
in quantity of vitamin A transferred across the intestine 
compared to the quantity passed through the placenta, one 
must not overlook the fact that agents such as bile salts, 
active in promoting intestinal absorption, are not present 
to any measurable extent in the blood. 
The outcome of feeding vitamin A to the sow, from 
one month prior to farrowing, on the liver vitamin A con­
tent of the piglet at birth, is very similar to the in­
fluence it has on the colostrum (231). A high vitamin A 
dietary regime for the dam during gestation, although 
building up her liver reserves and influencing her fetus 
to some measurable extent, has a small influence on the 
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cow*s colostrum (8, 54) and the colostrum of the rat (97). 
The colostrum and milk vitamin A is largely a function of 
the diet during lactation (8, 97) « Yet with the sow (22), 
ewe (53)» and human (106), the gestation diet may exert a 
more potent influence, in this re.ipect, than with the cow 
or rat. 
Dry vitamin A fed to the cow during lactation, al­
though markedly increasing the vitamin A content of the 
milk, does not influence total milk or fat yield, as long 
as vitamin A deficiencies are not present (244). 
It can be seen from the above that deficiencies may 
appear in the offspring if the dam is not supplemented 
during lactation, even though she may have received sup­
plementary vitamin A during pregnancy. McGillivray found 
(157) that throughout the year the vitamin A in the milk 
fat of cows in New Zealand is predominately in the ester 
form, with no increase in the vitamin A alcohol during 
poor grazing. This indicates that the liver reserves are 
poorly utilized for milk production. Similarly, the milk 
carotene is principally derived directly from the diet. 
Yet again, there are indications (158) that some milk 
vitamin A ester is derived from other than dietary origin. 
Immediately prior to and following parturition this 
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maternal serum vitamin A level of the rat (97), of cows 
and heifers (254), of the sow (187), and of the ewe, but 
less marked (194), is depressed below that of later lacta­
tion, even though this lactation is a continual drain on 
the reserves. The depression may be connected with the 
very high vitamin A concentration occurring in the colos­
trum, rather than a direct hormonal influence. There is 
a parallelism between plasma and milk vitamin A and car­
otene which is not manifest at the time of colostrum se­
cretion (208). The diminution of reserves, both during 
the gestation and lactation of the cow, occurs at a re­
duced rate when she is receiving a low plane of feeding 
(58). Probably a large part of the variation in both car­
otene and vitamin A content of cow's milk, apart from breed 
differences, is due to genetic variation within breed (155). 
The vitamin A content of sow's colostrum is of the 
order 4 to 7 times greater than the average content of the 
milk, whether the sow is on pasture or dry feed (21, 94). 
The vitamin A and carotene content of the colostrum of 
cattle is 5 to 15 times (208), ewes to 6 to 7 times (194), 
and humans 2 times (106, 43) greater than in the milk. 
The fat level shows very little change (21). The plasma 
contents of vitamin A of sows and. their young are linearly 
related (212); furthermore, from other work (26), it would 
appear that the vitamin A storage in the liver of the sow 
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is more available for transmission to her young than in 
the case of the cow. Yet there is still a residuum of 
about 18000 I.U. in the sow's liver, which are not avail­
able (26). Suckling pigs increase their total liver re­
serves by a matter of 4 or 5 times during the first week 
of life (142). The subject of vitamin A nutrition of the 
newborn is discussed very ably in a review by Phillips in 
Harriott (102, p. 28). 
Physiology of bone and nerve degeneration in 
javitaminosis A 
In 1916 Hart and associates (91) noticed that rations 
containing large quantities of wheat gave rise to nerve 
degeneration in swine. These nervous symptoms of vitamin 
A deficiency have been suspected as being closely related 
to a retardation of bone growth and development. In a 
series of excellent papers, Wo1bach and Bessey (248) en­
visaged a differential slowing of the growth process in 
developing and growing animals associated with vitamin A 
deficiency. They postulated that a sharp curtailment of 
skeletal growth occurs, whilst the central nervous system 
continues to grow, in the avitaminosis A of early life. 
This differential was suspected as causing a pressure 
stress on the fluid in the cerebrospinal cavity, which 
(249) eventually, in turn, is instrumental in mechanically 
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bringing about nervous lesions. Mellanby (l6l), by keen 
observation, traced an interference in vision and hearing 
of puppies to hypertrophic bone in the skull, which caused 
a constriction of the optic and auditory nerves. 
The intensity in pressure of the cerebrospinal fluid, 
in the subarachnoid space, has been used as a nice method 
for estimating the degree of vitamin A deficiency in cattle, 
by measurement through the dosai aperture of the atlanto-
occipital articulation (167) and by lumbar puncture in 
swine (222). The development of this pressure and also 
the development of nyctalopia and papilledema in the young 
bovine were followed (16?)• It appeared that individuals 
differed in the degree to which each was abnormal; but on 
giving curative doses of the vitamin, the pressure was the 
slowest in regaining normality. Edema of the optic papil­
lae was found to be more easily produced in the young ani­
mal, and was possibly the corollary of pressure on the op­
tic nerve, brought about by stenosis of the optic canal. 
However, mature cows develop papilledema without apparent 
stenosis of the optic canal (167). Microphthalmia has 
also been observed in new born pigs during periods of 
drought-restriction in herbage feeding of gilts (2?8). 
It is not clear from the above work whether the myelin 
degeneration, which occurs in avitaminosis A, is itself 
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the direct consequence of the vitamin inadequacy, and it 
in turn the direct cause of incoordination, or whether the 
degeneration is just a side effect of the increased pres­
sure, and the latter the direct cause of incoordination of 
movement. 
Lamming and others in a series of papers (132, 130) 
studied the consequences of incipient vitamin A deficiency 
in does on their young. The young developed paralysis of 
the hind quarters and head retraction within 3 to 6 weeks 
after birth, before much influence on growth rate had 
taken place. The symptoms were those of hydrocephalus, 
with gross dilation of the lateral and 3rd ventricles, and 
stenosis of the cerebral aqueduct. The latter is probably 
causal in the obvious symptoms of hydrocephalus. Liver 
vitamin A concentration corresponded roughly to the degree 
of hydrocephalus. Increased pressure of the cerebrospinal 
fluid may be either the cause or the consequence of aque-
ductal stenosis, and could itself be instrumental in bring­
ing about nervous symptoms. Yet additional nerve degenera­
tion, independent of pressure cannot be ruled out. Hydro­
cephalus and raised cerebrospinal fluid pressure also occur 
in genetic dwarfism of Hereford calves (93). Lamming thinks 
(130) that the presence of hydrocephalus prenatally in the 
rabbit is suggestive of these nervous abnormalities result­
ing from causes other than cessation of bone growth. 
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This theory is supported by work with chicks (254), 
which revealed that the increase in cerebrospinal fluid 
pressure is proportionate to the length of deficiency, 
rather than to whether the deficiency occurs in the diet 
of the chick or of the hen. Since this elevation in pres­
sure was not associated with any sign of neurological dis­
turbance, or boney abnormalities, it is suggested that a 
vitamin A deficient 'me brings about an increase in the 
production of cerebrospinal fluid. This overproduction 
leads to an increase in the pressure. 
In recent years many workers have studied the modus 
operandi of vitamin A in the growth and development of 
cartilage and bone. Previously to this, this function 
was frequently confused with that of vitamin D, since the 
principal source of vitamin A was cod liver oil, a source 
also of vitamin D. Vitamin A appears to be involved in 
the multiplication and maturation of cartilage cells. The 
presence of the vitamin appears to be necessary in the up­
take by the epiphyses of sulfur for incorporation into 
chondroitin sulfate, and perhaps also necessary for break­
down of this compound (52). 
Mellanby (162) perceived that in a deficiency of 
vitamin A, the overall sizes of the vertebrae are the same 
as in normal animals, but the spinal canal is less in di­
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ameter. so making the bone thicker. Folbach (24b ), how­
ever, observed that all epiphyseal cartilage sequences 
are depressed — the cells cease to divide and a densely 
calcified, thin boney plate, is formed across the face of 
the epiphyseal disc. This occurs before the rate of growth 
of other tissues is seriously affected. Large islands of 
vascular connective tissue were observed (189) to develop 
in the bone. These islands, on rehabilitation with vitamin 
A,.are replaced by compact bone. Similarly in man (243) and 
in the calf (118), the line between the cartilage and the 
bone at the costal chondral junction is irregular. Bone 
growth of the infant may be completely arrested with atrophy 
of proliferating cartilage (13). 
Abnormal activity of osteoblasts may occur (l6l), but 
it would appear, particularly in light of the above, that 
there is not so much a bone overgrowth as a failure in the 
absorption of previously formed bone, during development. 
For instance, the external measurements of the skull are 
relatively normal in avitaminosis A, but there is a dimin­
ution of the internal dimensions, through the absence there 
of osteoclastic activity under the periosteum. Nevertheless 
the marrow cavity of deficient animals contains more osteo­
clasts than normal. Mellanby (l6l) anticipates that, in 
light of the above, vitamin A is a specific chemical con-
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"broiler of the activities of osteoclasts and osteoblasts. 
General appraisal of his work (162) and that of Wolbach 
(246) suggests the conclusion that in all ages of rats 
and dogs periosteal overgrowth is a feature of avitamino-
sis A. However, the earlier in life deficiency overtakes 
the animal, the more probable is the supervention of inan­
ition and cessation of epiphyseal growth. This influence 
on the epiphysis may then be partially a direct consequence 
of avitaminosis and partially a result of the accompanying 
inanition. 
With the innovation of radioautography, Dziewiatkowski 
(52a), employing this and chemical methods, demonstrated 
an increase in the uptake of injected inorganic radioactive 
sulfate by epiphyseal cartilage when vitamin A deficient 
rats received the vitamin. He proved that this accumulation 
occurred in chondroitin sulfate. Furthermore, there took 
place a subsequent increase in phosphate accumulation in 
the adjacent diaphysis. Under similar conditions there was 
a comparable accumulation of sulfur in the sulfomuc©poly­
saccharides in the skin. 
The band of radioactive sulfated polysaccharide in 
the ground substance of the osteoid appears to move away 
from the formative vicinity of the osteoblasts, or odonto­
blasts in teeth, by further appositional growth of tissue 
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(11). This band is then intimately concerned with the 
phenomenon of mineralization. In this circumstance, the 
chondroitin sulfate may act as a cation binder, retaining 
calcium in preparation for its subsequent release and more 
stable precipitation in the presence of an abundance of 
phosphate ions. Alternatively, it may act as a template, 
or mould, in the deposition of apatite crystals themselves 
(123). A complex of collagen and chondroitin sulfate, in 
vitro (220), functions similarly to rachitic bone cartil­
age insofar as metachromasia and calcification are concerned. 
Its presence in vitro increased ash deposition 200 times, 
and, it should be noticed, this preparation catalyzed the 
deposition of bone salts without the mediation of an enzyme. 
The above proposed function is strengthened by the identi­
fication of mucopolysaccharides in the abnormal calcifica­
tion of arteries. 
Crystals of apatite are deposited in a definite con­
figuration in relation to the collagen fibers. The orienta­
tion of these crystals, and to some extent, the orientation 
of the collagen fibers, increases with age (40). 
The means by which radiosulfate is transported in the 
serum of rats has been studied (216), and shown to be com­
bined with an alpha-globulin. The bodily distribution of 
orally administered radiosulfate has been investigated in 
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the young pig (128) and the sheep (129), but in these in­
stances much of the sulfur was metabolized by intestinal 
flora with the formation of sulfur amino acids, prior to 
absorption. 
Inorganic has a lowered retention in chicks in 
the presence of sodium fluoride (191a) — a condition par­
tially alleviated by methionine and cystine. Inorganic 
sulfate has also been shown to relieve molybdenum-induced 
growth inhibition in young rats (164). 
Hypervitaminosis A is a very real condition of the 
body. It results in growth of skeletal tissue out of step 
with the growth of the remainder of the body. Further, de­
calcification and spontaneous bone fracture occur. 
In 1949 Irving (108) found osteoblastic activity in­
hibited in hypervitaminosis A. Resorption of bone in this 
condition is most intense in the regions where it is al­
ready occurring in the healthy being during remodeling (247). 
The length of rat femors and tibiae are almost identical 
in the normal and pathological states, but in the latter 
state a reduction in the anterio-posterior diameter is ap­
parent at the proximal end of the tibia and at the distal 
end of the femur. These are normally the most actively 
growing regions as suggested by Barnicot and Dalta in 
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Bourne (20, p. 507). If the dynamic aspects of bone growth 
are considered, this phenomenon resolves itself, for the 
lengthening process of long bones involves the removal of 
material from the posterior aspect of, for example, the 
tibia and anterior aspect of the fibula. It is an increase 
in the resolutive processes at just these sites, without a 
corresponding increase in bone length, and in the absence 
of normal rates of bone deposition on the opposite surfaces, 
which leads to the characteristic change in shape, and lia­
bility to fracture (247). 
The microscopic structure of bones in this condition 
of hypervitaminosis A displays a reduced thickness of the 
epi thy seal line due to continued erosion of the hypertro­
phic zone from the diaphyseal aspect without a compensating 
multiplication of cells in the proliferative zone (247). 
This leads, in guinea pigs, to a premature closure of the 
epiphysis. In rats (Ié3) a decrease in the longitudinal 
bone growth of long bones must partly be attributed to a 
decreased food consumption. The increased resorption on 
the periosteal aspect of cortical bone is brought about by 
an increase in the number of osteoclasts present (20). 
Periosteal bone resorption culminating in fracture is not 
a feature of hypervitaminosis A of birds (250). 
Bone graft experiments have shown that vitamin A 
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acetate is capable of causing the differentiation of 
osteoclasts and the subsequent resorption of bone (9)• 
The administration of 35,000 I.U. from the 2nd, 3rd, 
and 4th to the 16 th day of gestation in the rat (42) was 
found to be associated with the following abnormalities 
in the offspring : protrusion of the forebrain, malforma­
tion of the eyes, cleft palate, shortening of the mandible 
and maxilla, spina fibida with meningocele and hydrocephal­
us. Daily doses of 15,000 I.U. also were associated with 
fetal malformations. Fetal development associated with de­
ficiency of vitamin A has already been described (132). 
Fell and Mellanby investigated the situation in which 
chick ectoderm (63) and expiants of bone rudements (64) 
were grown in vitro using media containing 250 to 300 I.U. 
of vitamin A (normal) and 2800 to 3000 I.U. of vitamin A 
(excess)/100 ml. In the presence of excess vitamin A, 
the intercellular material of cartilage shrank and disin­
tegrated. These workers realized that S^04 is bound, in 
normal cartilage, to an organic substance and is not removed 
during the fixation process. This organic substance is 
synthesized in the cartilage cells, particularly the flat 
proliferating and young hypertrophic cells, and then dif­
fuses into the matrix. Excess vitamin A may inhibit the 
synthesis of new cartilage matrix, but certainly causes the 
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dissolution of that already formed. Chondroitin sulfate 
is also continuously catabolized in the matrix and re­
plenished from the cells. It is thus proposed by Fell 
et al. (64) that an enzyme, which hydrolyzes chondroitin 
sulfate is normally present. Under the influence of ex­
cess vitamin A, this hypothetical enzyme will increase in 
concentration in the matrix and so bring about the forma­
tion of a soluble sulfated mucopolysaccharide with the con­
sequent dissolution of the matrix. 
This theory at first glance does not appear to be en­
tirely consistent with the picture presented by workers at 
the Rockefeller Institute (52a). This portrays an in­
creased uptake of in the presence of vitamin A, but 
this is in all probability unbound sulfate, since the s35 
does not appear in the autograph series where unbound sul­
fate has been removed. In addition, this work indicates a 
quicker release of bound sulfate from the epiphyseal car­
tilage after vitamin A was given to deficient rats. Fur­
ther, this investigation involved lower concentrations of 
vitamin A than those used by Fell and Mellanby. 
A hypervitaminosis A regime in young rats has been 
shown (181) to cause a decrease in the net retention of 
calcium, phosphorus and nitrogen, suggesting increased 
catabolism. X-ray examination indicated a gradual thin­
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ning of the bones. Bone alkaline phosphatase activity in­
creased, but no marked change in the relative gross chemi­
cal composition of the bones took place. 
Other metabolic roles of vitamin A 
Other metabolic roles have been attributed to vitamin 
A. The endogenous respiration rate of the liver increases 
in the deficient state. This is accompanied by a slight 
increase in the activity of succinoxidase, but principally 
in a very marked lowering of cytochrome C reductase ac­
tivity (198). 
Vitamin A does not appear to be involved in the tri­
carboxylic acid cycle, nor in the reactions connecting this 
to glycolysis, nor in cholesterol or fatty acid biosynthe­
sis. However, it is involved in the reversal of glycolysis 
between the triose and glucose stages (252). Again, it 
may influence glucose synthesis indirectly through a dis­
turbance in adrenal hormone function (253). 
Many other symptoms of vitamin A deficiency have been 
recorded and supported by histological evidence. Loss of 
reproductive efficiency, accompanied by histological changes 
in the primary sex glands, has been shown to occur in cows 
(31). A key paper in this field (131) indicated that in­
sufficiency of vitamin A in the doe reduces the number of 
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normal matings, decreases the number of conceptions, but 
does not influence the number of corpora lutea in pregnant 
animals. However, ova were lost more frequently before 
implantation, and reabsorption, or abortion during late 
gestation occurred more frequently during insufficiency. 
The fetal placenta has changes involving a mottled appear­
ance suggesting decreased vascularity, which may have, in 
turn, reduced fetal nutrition and have been the prime cause 
of reduced fetal size despite the apparent good health of 
the dams. The yearling male bovine exhibits an absence of 
sperm in the epididymis (229) in avitaminosis A. 
Histological changes of the pituitary gland are, in 
addition, part of the deficiency syndrome. These are ac­
companied by an increase in the gonadotropic hormone con­
tent. Whether this is a cause or a result of the changes 
in the primary sex glands is uncertain, but the latter is 
suspected (229). 
Young cattle have been shown to develop cystic pitu-
itarie s from which condition no recovery occurs during sub­
sequent rehabilitation with vitamin A (146). Abnormal 
structure of the adrenal glands has also been diagnosed 
(31). Goodwin and Wilson (79), however, were not able to 
confirm the claim that intravenous injections of adrenaline 
mobilized liver vitamin A in the functional (alcohol) form 
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in the rabbit. 
Jungherr and co-workers (119) demonstrated a decrease 
in the chromatic cells of the anterior pituitary, mild hy­
perplasia of the thyroid gland, and retarded spermatogene­
sis in deficient dairy bull calves. These workers were 
further able to attribute a specific squamous metaplasia 
of the interlobular ducts of the parotid gland to vitamin 
A insufficiency. This is apparently the only organ so far 
ascertained, in the ox, which lends itself to specific 
morphological diagnosis. 
In the search for tissues sensitive to suboptimum 
vitamin A nutrition, it must be borne in mind, as clearly 
shown by Irving and Richards (109) with rats, that in as­
certaining the requirement for vitamin A, one must be cog­
nizant of the tissue most sensitive to vitamin A inadequacy. 
This most sensitive tissue differs with the age of the ani­
mal. Thus, the vitamin A requirement is not considered by 
them to be a function of body weight. In the young rat, 
which has a rapid growth of the central nervous system, 
the funiculus praedorsalis of the medulla oblongata shows 
marked degenerative changes, but by 100 to 250 days follow­
ing weaning, the incisor teeth exhibit a much higher re­
quirement, which changed little with age ; whereas the fundic 
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bone had a lower requirement, which increased slightly 
with age up to 250 days of age. 
Requirements and methods for their estimation 
In appraising the vitamin A requirements of the rat 
by different criteria, Lewis (137) concluded that 25 I.U. 
daily were required for maximum growth up to 10 weeks of 
age, and 50 I.U. daily for plasma values approaching a 
maximum. Slight liver storage occurred at 25 I.U. daily, 
but retinal vitamin A concentration reqched an optimum at 
2 I.U. daily and was not lowered until plasma values fell 
appreciably. This worker put the minimum requirement at 
2 I.U. (20 I.U,/kg. body wt.), which is 12 times less than 
that required for optimum growth. Sherman and Trupp (211), 
in long term experiments with rats, studying levels of from 
zero to 24 I.U./g. (11,000 I»U,/lb.) of feed, concluded that 
males grew to slightly lower adult weights when receiving 24 
I.U. instead of 12 I.U. The ages of the females at the 
birth of their first young, and the average weight of 
young at 128 days of age averaged the same for these two 
vitamin A intakes. However, the length of reproductive 
life, number of young born, number reared, percent reared 
and total weight of young at 28 days of age were more favor­
able with the females receiving 12 I.U. rather than 24 I.U. 
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Further, the males receiving 12 I.U. lived longer. The 
minimum adequate level was considered to be 3 I.U./g. of 
feed; but raising this to 12 I.U. increased the length 
of life by 10 to 12 percent, and especially increased the 
length of time between maturity and senility. The lowest 
appreciable liver stores occurred at the 6 I.U. level. 
Guilbert and Hart in 1933 (83) found the minimum 
daily carotene requirement of cattle to be 26 to 33 meg./ 
kg. live wt. Allowing for intestinal destruction and di­
gestibility, this agrees well with the estimation of 9 to 
11 meg./kg. live wt. as the rate of removal of liver stores 
by animals on deplete diets. These workers, in appraising 
the requirement for many species, concluded that the re­
quirement is directly proportional to body weight. However, 
if this is so and energy requirement is proportional to the 
.74 power of body weight, the concentration of vitamin A 
in the ration must be increased as the animal grows bigger. 
This may be compensated for, to a certain extent, by the 
fact that younger animals have a greater growth rate, which 
increases their need. The impression, that young animals 
have a higher requirement than adults, stems from the fact 
that all mammals are born relatively deficient. These 
workers estimated also that the minimum needed to be in­
creased 3 times, to 90 megs/kg. body wt., for optimum re­
production. In a later study (84), these workers, again 
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using night blindness as the main physiological criterion, 
deduced that cattle, sheep and swine all required 6 to 8 
meg. of vitamin A/kg. body wt./ day from cod liver oil. 
In a later study (85a), using growth, the degree of nyc­
talopia in farm animals, and cornification of vaginal 
smears in rats as criteria for adequacy, these workers 
found that rats, swine, sheep, cattle and horses all re­
quired between 5.8 and 6.4 meg. of vitamin A/kg. body wt. 
About three times the minimum was required for significant 
liver storage and optima of reproduction and dark adaption. 
Later workers (138) suggested that somewhat higher levels 
of vitamin A were required by calves — that is 32 U.S.P. 
units/kg. body wt. (9.7 meg.) as a minimum requirement, 
and 64 U.S.P. units for maximum growth, at which level 
liver storage was low or insignificant. The blood level 
rose until 512 units were given. 250 U.S.P. units/kg. 
body wt» were considered to be a practical minimum. 
Several criteria have been improved and new ones in­
troduced to lend more precision to the evaluation of the 
requirement. 
Pugsley and others(197) modified the vaginal smear 
method. Moore and Sykes (167) developed the measurement 
of the cerebrospinal fluid pressure in cattle by punctur­
ing the subarachnoid space through the dorsal opening in 
the atlanto-occipital articulation. It was observed that 
43 
the pressure rose at about the same stage of insufficiency 
as nyctalopia could be distinguished. This was followed 
by edema and then hemorrhage of the optic nerve heads, and 
general edema of the choroid plexus. In 1952, a liver 
biopsy technique for cattle was introduced (239). This 
involved an incision in the 12th intercostal space for adult 
cattle and a standard laparotory for calves. 
It has been suspected (232) that plasma values in 
calves are not always a reliable guide to the dietary 
regime. When skim milk replaces whole milk, the plasma 
vitamin A level rises as long as the animal has adequate 
liver storage. This implicates some dietary factor in 
the release of the stored vitamin, 
In comparing two levels of energy intake of a vitamin 
A deplete ration (202), the greater incidence of squamous 
metaplasia of the interlobular ducts of the parotid gland 
at the upper intake, suggests a greater stress associated, 
with faster growth. There is, then, the possibility of a 
greater requirement in this condition. 
These workers later (203) compared carotene from 
alfalfa and vitamin A from a dry carrier in their ability 
to maintain the plasma vitamin A of calves at 10 mcg./lOO ml. 
To maintain this blood concentration, 31 meg. of carotene 
or 3.8 meg. of vitamin A/lb. of body wt. were necessary. 
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Within the range tested, plasma and liver concentrations 
of carotenoids and of vitamin A and the logarithm of the 
spinal fluid pressure all appeared as linear functions of 
the logarithms of carotene and vitamin A intakes. 
Braude and associates, in 1941 (25), compared pigs 
from eight weeks of age with rats, in their ability to use 
vitamin A alcohol and ester, and beta-carotene. Pigs made 
less efficient use of beta-carotene than did rats, and 
needed, to cover their minimal requirements, about 300 
I.U. of beta-carotene or 100 I.U. of preformed vitamin A 
daily/10lb. live wt. The biological activities of the 
alcohol and ester were found to be equivalent to each 
other in both species. 
Later, the need of the pig for a purified source of 
carotene was determined following an 8-week depletion per­
iod (98). Optimum intake was considered to be 25 meg./kg. 
body wt. This resulted in some liver storage. For a nor­
mal blood content, 40 meg. were necessary, although 10 meg. 
produced satisfactory growth. The measurement of the pres­
sure of the cerebrospinal fluid was a more sensitive cri­
terion than a test for nignt blindness. 
The vitamin A requirement of the baby pig, utilizing 
several criteria to approximate adequacy, has been demon­
strated to be about 800 I.U./lb. of feed (68, 69). 
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In an attempt to estimate the vitamin A requirement 
of the baby pig, investigators at Cornell (210) fed levels 
of 0, 6, 12 and 18 meg. of vitamin A acetate/kg. body wt6 
to pigs following a 4-week depletion period. To prevent 
gross deficiency symptoms, 6 meg. were sufficient, 12 meg. 
restored the initial blood levels, and 18 meg. provided a 
trace of liver storage. However, in this experiment, par­
tially due to too early weaning, the growth rates were poor 
and there was relatively little difference in growth rate 
between any of the groups. 
A liver biopsy technique applicable to mature gilts 
has been described (117). Samples from the liver margin 
were shown to give a satisfactory picture of the content 
in the entire liver. However, subsequent samples removed 
from the same area as the previous sample have a slightly 
lower vitamin A content. 
Harms and others (87) used a chick liver storage as­
say as a method for comparing the biological potency of 
different sources of the vitamin. They found that storage 
increased in a linear fashion as the vitamin A was in­
creased arithmetically from 500 to 240,000 I.U./lb. of 
feed. The fraction of the dietary content which was 
stored, however, increased somewhat up to a dietary level 
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of 3,000 I.U./ lb. of feed before it maintained a steady 
level of 25 to 40 percent of that fed. It seems likely 
that this increase could be attributed to the omission of 
any adjustment for the use of the vitamin by the body. In 
addition, the dry stabilized form of the vitamin performed 
more successfully than the fish oil source. 
Deutectomy has been successfully used (92) as a means 
of studying dietary vitamin A utilization in the chick. 
Blood levels, or liver levels, used as criteria of 
sufficiency, Bessey in Spector and Peterson (223, p. 59) has 
pointed out, are only valid if there is a concurrent knowledge 
of the relationship between these variables and the physiolog­
ical status. Other factors than diet influence the blood 
value, which, if it is considered in isolation, may confuse 
the picture. Certain conditions, which lower the blood level 
in the presence of a sufficient dietary supply, cannot yet be 
interpreted as an indication of deficiency. In looking for 
the ultimate goal in methods for assessing adequacy of vita­
mins, Snell in Spector and Peterson (224, p. 89) points 
out that the rates, at which specific vitamin-dependent en­
zymatic reactions decrease during vitamin deficiency, vary 
markedly from one reaction to another. This variability 
is attributed to differing affinities of individual a proen­
zyme s for their common coenzyme. It is not known which en­
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zymatic reactions are.most sensitive to vitamin lack. 
When this is known, a rational basis for devising really 
sensitive tests for the evaluation of nutritional ade­
quacy will be available. Thus, it is indicated that there 
is no single optimum intake of a vitamin, but rather that 
the optimum amount may vary significantly from one regime 
to another, and from one function to another. Therefore, 
no single test for adequacy of intake can be derived. 
In 1940 it was suspected that fresh lard contains suf­
ficient vitamin A, or alike-acting substance, so that when 
it was fed, as 30 percent of an otherwise vitamin A free 
diet, it supported good growth of the rat. It was esti­
mated to have a potency of at least 0.7 I.U./g. (182). 
Lowe and Morton (141) were also able to cure xerophthalmia 
and restore normal rat growth by feeding lard. Neither 
preformed vitamin A nor provitamin A could be detected by 
spectrophotometric analysis. Other workers (100) arrived 
at a biological activity for lard of about 0.4 to 2 units 
of vitamin A/g. In this study, although spectroscopic 
analysis gave negative results, chromatographic fractiona­
tion of unsaponifiables from lard yielded an eluate which 
gave a positive Carr Price reaction, suggesting that this 
component is true vitamin A. 
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Interrelationships of vitamin A with other factors 
As discussed earlier, it has been found that the 
feeding of 30 percent of the ration as ground raw soybeans 
to calves on an adequate, but low, carotene intake de­
pressed both plasma and liver vitamin A markedly, and plas­
ma carotene to a lesser extent (209). Later work (58) in­
dicated that this effect occurred when calves were fed 
carotene or vitamin A ester, and the influence on plasma 
vitamin A was even greater when roasted soybeans were fed. 
To maintain safe blood levels, 64 meg. of carotene/lb. 
of body wt. were required. 
A water soluble factor in fish solubles has been dis­
covered which enhances liver accumulation of vitamin A in 
chicks (88). Its chemical properties have been studied 
(89). A factor soluble in fat solvents from yeast, with 
similar properties has also been recognized (188). 
Recently rats fed rations containing high, but rela­
tively non-toxic doses of vitamin A have been shown to 
develop hypervitaminosis A symptoms when alfalfa meal, 
desiccated liver, yeast, a product derived from fermenta­
tion sources or aureomyein HC1 have been added to the diet 
(60). Apparently this factor is not one which has anti­
oxidant properties unless it has special follow-through 
activity in the tissues. These investigators, however, 
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point out that considering previous -work, the possibility 
cannot be ruled out that the potentiation of these symptoms 
may be brought about by promoting absorption of vitamin A. 
This substance would seem to be identical to those referred 
to above (88, 89, 188). 
There are indications that there is an effect of phos­
phorus on vitamin A metabolism in that phosphorus decreases 
slightly the liver storage of vitamin A, but raises the 
plasma level of carotene in steers (74) and cows (233) fed 
supplementary carotene. This effect is not noticed on 
sheep, and may even be the reverse as regards liver stor­
age (74). 
Selenium decreases carotene utilization and storage 
of preformed vitamin A in rats, but does not influence car­
otene storage (12). 
Vitamin A deficiency in rats has been suspected (151) 
as leading to scorbutic symptoms which could be cured by 
vitamin C. This relationship could not be corroborated by 
information obtained from the dairy cow (55), although 
blood ascorbic acid does decline in terminal vitamin A de­
ficiency. The accompanying anorexia cannot be alleviated 
by ascorbic acid administration. It is thought, however, 
that the ability to synthesize vitamin G may be related 
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to the feed intake in the rat (55). Scorbutic symptoms 
were present in rats on unrestricted feeding, but were not 
demonstrable in those on limited feed. The administration 
of cortisone to normal and adrenalectomized rats, receiv­
ing a wide range of vitamin A intakes results in a rapid 
depletion of their liver and kidney stores of vitamin A 
(39). This observation suggests that the depletion of 
vitamin A in the liver, as a result of inanition, may be 
mediated through the adrenal gland. 
Thyroid function and its relationship with vitamin A 
The first accurate and correct analysis of the func­
tion of thiourea and related compounds, and the interre­
lationships of these with thyrotropic hormone in their ef­
fect on thyroxine secretion was developed in a classic 
paper by Astwood et al. in 1943 (7)• They realized that 
these compounds hindered one or more of the steps in the 
manufacture of thyroxine, or some essential component of 
thyroxine. Yet they conceived that these same compounds 
did not either hinder the secretion of already synthesized 
thyroxine, or influence the role of thyrotropin in this 
secretion. Other workers also studied this subject (145). 
In 1947 studies (114) suggested that hyperthyroidism 
in the rat increased the liver storage of vitamin A when 
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carotene was fed. This work indicated that the outcome 
was not due to changes in the basal metabolic rate (B.M.R.) 
per se, but was brought about by some other physiological 
action of the thyroid gland. In spite of the fact that 
elevated B.M.R. increases the rate of depletion of the liv­
er vitamin A by the rat, thyroxine so enhances the storage 
of vitamin A from the diet that liver concentration rises 
above that of controls (115). Nevertheless, changes in 
growth rate have a greater influence on vitamin A utili­
zation than changes in metabolic rate (115). Other studies 
(201) suggest that vitamin A deficiency in calves depresses 
blood ascorbic acid, but does not influence B.M.R. Wiese 
et al. (240) and Arnrich and Morgan (6) believe that the 
thyroid can have only a diminutive influence on carotene 
absorption or conversion. Their data suggest" that, al­
though rats rendered hypothyroid by thiouracil consume 
their liver vitamin A at a slower rate, this is a conse­
quence of their lower rate of growth. This conclusion 
leads to the postulate that in determining vitamin A re­
quirements, body weight and growth, and not metabolic rate, 
are of primary importance. Contrary work (32) indicates 
that neither thiouracil nor desiccated thyroid have any af­
fect on the stability of colloidal solutions of beta-
carotene and neither influences plasma vitamin A of rabbits. 
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However, thiouracil inhibited, and desiccated thyroid stim­
ulated the absorption of beta-carotene from the intestinal 
tract of rats. 
Studies with dogs (5), makin&qase of thiouracil to pro­
duce the hypothyroid condition, suggested that this condi­
tion has no influence on carotene absorption, or conversion, 
but this same condition increased the circulating vitamin A, 
carotene and cholesterol. More recently evidence has been 
presented that 1-thyroxine improves carotene utilization 
by both the cow and the chick [35), but not by the goat (37)» 
This suggests that the goat's thyroid gland may be more ac­
tive. The effect is mediated apparently through the" intes­
tinal mucosa, where it improves conversion. 
However, other workers (1) were unable to elicit a 
response in carotene utilization by feeding iodinated case­
in to calves. In addition to this the conversion of caro­
tene injected into the rat is not affected to any appreci­
able extent by either hyper or hypothyroid conditions (255)* 
This is corroborated in other work (156); since carotene 
can be converted by the rat at sites other than the intes­
tinal mucosa, it would appear from this that the influence 
of the thyroid must be operative during absorption of car= 
otene from the intestine, rather than by facilitating its 
conversion. 
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Thyroxine administration, by bringing about an in­
crease in the vitamin A alcohol content of cow's milk (36), 
suggests that it may function in the mobilization of the 
liver reserves. Yet other investigators (10) were unable 
to influence the vitamin A or carotene content of milk by 
feeding iodinated protein. 
Bioassays of the anterior pituitaries of Hoistein 
heifers (4) disclosed that the total thyrotropic hormone 
content was greater with younger heifers and decreased 
with age, but was not changed by plane of nutrition. Rates 
of body growth, during the 16 week period prior to slaugh­
ter, were positively correlated with total thyrotropin con­
tent of the pituitaries, which hormone, it was revealed, 
reduces urinary nitrogen excretion (148). Reineke et al. 
(200) were able to significantly increase the rate of gain 
of pigs by thyroprotein feeding from weaning to 215 lb.wt. 
By the time the pigs had attained 140 lb. body wt., they 
possessed a lower tolerance to the dosage, which therefore 
had to be reduced. Thyroprotein feeding reduced the acinar 
cell height of the thyroid gland. Others (190) obtained 
the same positive results with pigs, and when carcass com­
positions were adjusted to an equal carcass weight basis, 
the thyroprotein feeding was not found to affect the compo­
sition of the carcass. 
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With the introduction of readily available tagged 
iodine, new methods for measuring thyroid function have 
been introduced. The usual criteria considered to reflect 
thyroid activity have been: rate of I-^l accumulation, 
maximum uptake of 1^3-, and rate of disappearance of 1^21 
from the thyroid gland. Application of these techniques 
revealed that ewes with faster thyroid secretion rates pro­
duced faster gaining lambs. This was attributed to the 
greater milk production of these ewes (215). Ewe lambs se­
creted significantly more thyroxine than wether lambs. 
Thyroxine secretion of ram lambs was not significantly dif­
ferent from ewe or wether lambs. Ewe lambs with a higher 
thyroid secretion rate tended to gain more rapidly than 
those with a lower rate. Earlier studies (?6) disclosed 
that thyroid secretion rate of the ewe was much lower in 
winter, higher during lactation than at other times, and 
higher in two-year-old ewes during winter than in four-
year-old ewes. 
In an attempt to predict the gaining ability of steers, 
it was discovered that orally administered radioiodine was 
removed by the thyroid to a lesser extent by the faster 
gaining animals ; also, these animals excreted more I^^, 
by way of the urine, in the first 24 hours following in­
gestion (72). Breed differences and seasonal variation 
were investigated by Lodge and co-workers (140) as reflec­
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ted in thyroid secretion rate of dairy heifers. This rate 
was measured by the quantity of thyroxine required to pre­
vent any thyroid secretion of radioactive thyroxine. 
Thyroxine, following tissue utilization, is degraded, 
and much of the released iodine is excreted in the bile. 
By estimating the quantitative difference between rates of 
biliary and fecal clearance, it has been calculated (l80) 
that between 38 and 68 percent of the biliary iodine is 
reabsorbed in the rat. Since much of this is returned to 
the thyroid for reuse, the calculation of thyroid secre­
tion rate is facilitated by the recruitment of thiouracil 
as a metabolic block, preventing the reutilization of this 
iodine. In the absence of thiouracil feeding, the thyroid 
secretion rajbe of 8 cows was estimated to be 3 percent/day 
with a rise following parturition (230). These workers 
state that the most potent factor inhibiting radioiodine 
uptake was the presence of ordinary iodine in the feed. 
In studying the effect of season and temperature on 
gross thyroid characteristics, it appeared, in 1913 (205), 
that the thyroid weights of sheep and cattle, collected 
from slaughter houses in the U. S. A., were larger during 
winter and spring, than during summer and fall; though hog 
thyroids exhibited no such seasonal variation. In all 
three species the percent of iodine, per unit of dry thyroid 
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weight, was up to 3 times greater between the months of 
June and November than between December and May. Later 
work (206) disclosed that in the thyroid, the phosphorus 
and ash content, which are mainly in the supporting tissue, 
varied in an inverse manner to the iodine content with 
season. The average yearly percent of iodine in the desic­
cated fat free glands was 0.300 for hogs, 0.205 for cattle 
and 0.150 for sheep (65). An outstanding paper in this 
field was published by Dempsey and Astwood in 1943 (45). 
They prevented thyroxine formation in rats with thiouracil, 
and fed thyroxine in different amounts in order to estimate 
the quantity which was sufficient to maintain a normal 
weight of the thyroid gland. The rats were subjected to 
three temperature treatments: 1°, 5°» and 25°C. Descrip­
tive formulae to characterize the thyroid response were 
determined from reciprocal plots of thyroid weight against 
dosage at the different temperatures. As the temperature 
increased the slope increased, indicating greater thyro­
tropin formation at lower temperatures. 
The thyrotropic hormone content of the blood of male 
and female dogs is higher in winter than during summer (221). 
However, the quantity of this hormone in the anterior pitu­
itary was not altered by season. The Missouri workers have 
made detailed investigations into methods for studying thy­
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roid function in cattle with under several environ­
ments (lé). They computed that the estimation of the rate 
constant of secretion, as a parameter of thyroid function, 
is the most precise method. The results they obtained 
with dairy cattle can be summarized as follows : increasing 
the ambient temperature above the comfort zone from 16° to 
35°C. decreased the thyroid secretion rate, while lowering 
it below the comfort zone from 0° to -8°C. increased se­
cretion rate. The addition of radiant energy (l80 Btu./ 
ft.^/hr.) reduced thyroid activity, but this depended up­
on the temperature. Starvation markedly reduced thyroid 
activity. In all these changes there was a wide breed dif­
ference. 
Experiments with puppies (57) indicates that, although 
these animals increase their metabolic rate in an equivalent 
fashion to older dogs when exposed to cold, dogs below 15 
days of age cannot maintain their rectal temperature. This 
suggests that the inability of the newborn to regulate body 
temperature in the cold is not due to low heat production, 
but rather to too great a heat loss. The metabolic rate of 
puppies in the comfort zone (30°C.) rises until it reaches 
the adult level at 3 to 4 weeks of age. 
High heat stress in man has been shown to increase 
the urinary excretion of aldosterone indicating a response 
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of the adrenal cortex to this stress (95). 
In studying the possibility of other independent 
functions of thyrotropin and thyroxine, evidence -was ac­
cumulated that the administration of thyrotropin to the 
rat was accompanied by a decrease in blood urea and blood 
amino acids. Thyroxine also lowered blood urea but not 
amino acids. In the absence of the thyroid, the thyro­
tropic hormone still influenced the blood amino acids (67). 
Triiodothyronine administered to human myxedema patients 
caused ah increase in androsterone production and a fall 
in the amount of etiocholanolone production, as measured 
by the urine content (24). 
There are suggestions that thyroxine is involved in 
oxidative phosphorylation (147). It has been suggested 
that iodine may play some other roles in the metabolism 
of the body, other than by way of the thyroid gland. An 
increase in the basal metabolic rate of rats, not connec­
ted with any change in thyroid acitivty, was noticed when 
rats were placed on a fat free diet (175). 
A number of experiments have been carried out to 
evaluate B vitamin requirements under different tempera­
tures. Mitchell and co-workers (165) concluded from a 
small experiment with pigs at 8505". (rel. humidity 50 
percent), and at 42°?. (rel. humidity 70 percent) that at 
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the lower temperature they required double the riboflavin 
necessary at the higher temperature. 
Intakes of vitamin A sufficient to promote good, but 
suboptimal, growth of rats were demonstrated (59) to be 
inadequate for optimal resistance to low environmental 
temperatures or exposure to x-irradiation. Since food in­
take was reduced by the suboptimal vitamin A levels, how­
ever, the decreased resistance must have been due, at 
least in part, not to vitamin A malnutrition per se, but 
to the attendant reduction in caloric intake. 
131 The dangers associated with the use of I in the 
study of thyroid function have been investigated by sever­
al workers. Treatment of thyroid carcinoma with I^I kas 
lead to the development of leukemia in humans (207). The 
dose used is much higher than that administered to correct 
hyperthyroidism. 
Four of a group of 5 sheep were exposed to 5 micro-
curies of I-*-^ each day for their lifetime. This caused 
thyroid adenomas to be produced in 4 of them. These ani­
mals were out of ewes also receiving 1"^. The thyroids 
of animals showing tumor involvement had an estimated 
30,000 rads during their 5g years of life (30). Dogs 
receiving from 0.063 to O.98 mc./kg. body wt. all devel­
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oped myxedema characterized by a decrease in food con­
sumption, increase in body weight, lethargy, hyperkerato­
sis and epilation of skin, hyperglobulinemia, and hyper­
cholesterolemia. Atrophy of the thyroid follicles re­
sulted in virtually complete ablation of the gland, and 
cellular degeneration of a large part of the anterior 
pituitary (139). 
Antioxidants 
Some of the more important references on this subject 
will be cited, but only briefly, since the antioxidant used 
in some of the experiments to be described has been removed 
from the approved list by the Federal Food and Drugs Ad­
ministration. 
Antioxidants are readily oxidized, so that in the 
presence of less oxidizable substances they protect the 
latter from destruction. Studies (76, 213) have been com­
pleted on the ability of several antioxidants to protect 
yellow grease from rancidity. These, in turn, would other­
wise cause oxidation of other feed nutrients, especially 
vitamin A (214). This is particularly the case at the 
present day with the more frequent inclusion of trace min­
erals in complete mixed feeds or premixes. Such minerals 
will readily catalyze oxidative reactions, although low 
storage temperatures partially protect readily oxidizable 
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constituents (199). 
Not only have oxidized, fats been shown to cause de­
terioration of other nutrients, but they themselves have 
a lower nutritional value, and if fed at high levels are 
able to cause the death of rats (113). 
Purified diets containing dextrose are more suscepti­
ble to rancidity than those containing sucrose (235)• 
Matterson and co-workers (150) tested the value of 
the inclusion of DPPD in chick rations, which contained 
fish oils as a source of vitamin A. This antioxidant re­
duced the requirement from 2400 I.U. to 1200 I.U./lb. of 
feed for maximum growth to 8 weeks of age. DPPD also func­
tions as a successful antioxidant in diets involving alf­
alfa as a source of vitamin A activity (166). DPPD im­
proves the absorption by the calf of carotene and to a 
much lesser extent, enhances vitamin A absorption (192). 
However, other workers (103) present evidence from 
rats to suggest that although high levels of antioxidants, 
including vitamin E, inhibit the oxidation of carotene in 
stored feed, they also inhibit the oxidative processes, 
which are probably involved in the enzymatic conversion of 
carotene to vitamin A. 
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With the use of antioxidants in the stabilization of 
meat scraps stored for 2 years at room temperature (241), 
the benefit over non-stabilized meat scraps was noticed 
only when the meat scraps were fed to chicks but not when 
fed to rats. 
A good review has been written by Kraybill (127) on 
the use of antioxidants in feeds. 
Blaxter et al. (14) made a detailed study on the in­
fluence of antioxidants in combatting muscular dystrophy in 
calves fed cod liver oil. The unsaturated fatty acids in 
this oil bring about a reduction in serum tocopherols, with 
the consequent precipitation of the dystrophia. Studies with 
vitamin E deficient lambs gave comparable results in pre­
venting "Stiff lamb disease", when DPPD was included in 
the diet (50). A similar condition, encephalomalacia, 
which exists in chicks fed fish oil as a source of vitamins 
A and D, was found by Bunnell and co-workers (28) to be pre­
vented by vitamin E. This led to an elevation of plasma 
tocopherols. DPPD was also discovered to be effective, 
without influencing plasma tocopherols. It was postulated 
that DPPD, which also functions when injected, and other 
antioxidants which were found to be equally active (29), 
might operate by acting as in vivo electron transferring 
agents, siding in the eatabolism of unsaturated fatty acids. 
63 
Ames et al. (2) studied the replacement value of DPPD 
and other antioxidants on reproduction of vitamin E-
deficient rats. DPPD possessed 7 percent of the activity 
of alpha-tocopherol. This was considered to be a sparing 
action on small residual quantities of vitamin E in the 
body tissues and diet. However, these investigators (2) 
and others (49, 186) revealed that even at the level of 
0.0125 percent of the diet, DPPD was associated with 
stillbirths and greater mortality amongst the young. 




In each of the experiments to be described unless 
otherwise stated the pigs used were Farmer's Hybrid Land-
race x Poland China x Duroc breeding. The males were cas­
trated at 3 to 5 days of age, all pigs received hog cholera 
and erysipelas sera between 5 and 7 days of age. They were 
weaned from the sow at 7 days of age, and allotted to the 
experimental treatments. While on experiment all pigs re­
ceived feed ad libitum in concrete floored pens with auto­
matic waterers. Wood shavings were used for bedding and 
heat lamps warmed part of the pens until the pigs were 
about three weeks of age, or according to room temperature. 
The pens were cleaned daily and rebedded. Pigs were 
weighed weekly and the feeders weighed back on pig weigh 
days. 
At the death of any pig it was immediately weighed, 
the feed weighed back and the pig sent to the I.S.C. Vet­
erinary Diagnostic Laboratory. 
Experimental design and allotment of experi­
mental animals 
Unless otherwise stated the experiments were of a 
randomized block design and the animals were allotted, 4 
pigs/pen, by outcome group of initial weight within litters. 
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Liver Biopsy for Vitamin A 
Exp. 670, April, 1955. 
Purpose 
A preliminary investigation: 
1. To investigate the rate of weight gain, feed 
efficiency, and blood vitamin A levels in baby pigs fed 
a 40 percent dried skimmilk pre-starter without added 
vitamin A, and with or without DPPD. 
2. To study the properties of Pre-Starter "75" 
(10,000 I.U. of vitamin A/lb,)^ as reflected by feed ef­
ficiency and blood plasma and liver contents of vitamin A. 
3. To develop a liver biopsy technique appropriate 
to the baby pig, in which 2 g. of liver could be removed; 
and to determine whether this surgery would adversely in­
fluence the subsequent performance of the animal. 
Method of procedure 
Design of experiment, allotment and management of 
animals. * This was carried out as outlined in the opening 
paragraph of Experimental. One replication of 4 pens of 
pigs was placed in unit B. The treatments are shown in 
iRovimix. Produced by Hoffmann-LaRoche Inc., Nutley, 
New Jersey. This stabilized material, containing 357,000 
I.U. vitamin A/g. on a gelatin-sugar-starch base was used 
in all experiments except Exp. 712. 
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Table III, to which the pigs were allotted immediately 
on weaning. 
Rations. Tables I and II outline the rations fed 
throughout the experiment. Prestarter "75" was included 
to obtain an estimate of the physiological response to a 
"standard" ration, and as a reference point with which the 
performance of the vitamin A deficient ration could be 
compared. This latter ration was designed bo produce as 
rapid and efficient a rate of gain as possible, while de­
pleting the animal of its vitamin A storage as early as 
possible. 
Special experimental techniques. After 12 days on 
treatment 10 ml. of blood were removed by heart puncture 
from each pig. According to the method of Kimble (124), 
5 ml. of plasma were analyzed for the vitamin A and caro­
tene content. A Bausch and Lomb colorimeter was employed. 
Also after 12 days on treatment 5 of the pigs underwent 
liver biopsy. According to the method of Gallup and 
Hoéfer (73), 1.5 g. of liver was removed for vitamin A 
and carotene analysis. After 26 days on treatment a fur­
ther blood sample was taken from all pigs for analysis. 
Following this the experiment was terminated except for 
4 pigs which were maintained on the deficient basal diet 
until 12 weeks of age to observe the progress clinical 
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Table I. Exp, 670. Rations fed during entire experi­
ment 
Ration I Ration II Ration III 
Basal Basal Prestarter 
Ingredients . DPPD "75" 
Dr. skimmilk (low heat 
spray dried) 40. ,00 40. ,00 40. ,00 
Solv. S BOM ( 50?=) 5« ,00 5. ,00 12. ,10 
Corn starch 20. 05 20. 035 
Corn sugar 15. ,00 15. ,00 15. ,00 
Cane sugar 6. ,50 6. 50 5. ,00 
Corn flakes 8. ,55 
Dried whey (low lactose) 2. ,50 2. 50 2. ,50 
Fish meal (60%) - 2. ,50 
Dried Brewer's yeast 1. ,00 1. ,00 1. ,00 
Corn steep water 1. ,00 1. ,00 1, ,00 
Stabilized lard 1. ,00 1. ,00 5-,00 
Lecithin 1. ,00 1, ,00 1, ,00 
Dried Beet pulp 2. ,00 2. ,00 2. ,00 
Vit-Antibiotic premix 2. ,00 2. ,00 2. ,00 
Iodized salt 0. 50 0. 50 0. ,50 
Trace mineral mix (35-A-41) 0, '15 0. 15 0. ,15 
Dicalcium phosphate 2. ,00 2. ,00 1. ,20 
Calcium carbonate 0. 30 0. 30 0. ,50 
DPPD 0. ,0125 -
100.00 100.00 100.00 














Table II. Exp. 6?0. Trace mineral mix (35-A-41) and 
vit-antibiotic premix 









Ingredient Quantity added/100 lb. mixed feed 
Ration I Ration II Ration III 
Vitamin Dg, I.U. 100,000 100,000 100,000 
Vitamin A, I.U. — - 1,000,000 
Riboflavin, g. 0.4 0.4 .032 
Ca pantothenate, g. 0.8 0.8 .19 
Niacin, g. 2.5 2,5 2.3 
Vitamin Bip (20 mg./ 
lb), lb. 0.1 0.1 0.1 
Parvo (3% folic acid) y 
g. 30.0 30.0 30.0 
Ascorbic acid, g. 30.0 30.0 30.0 
Thiamine HC1, g. 0.2 0.2 0.2 
Pyridoxins, g. 0.2 0.2 0.2 
PABA, g, 0.8 0.8 0.8 
Menadione, g. 0.1 0.1 0.1 
Biotin, g. 0.002 0.002 0.002 
Inositol, g. 25.0 25.0 25.0 
Choline chloride, g. 30.0 30.0 4.7 
Chlortetracydline, g. 10.0 10.0 10.0 
Solv. SBOM (50%) lb. 1.77 1.77 1.80 
Total, lb, 2.00 2.00 2.00 
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Table III. Exp. 6?0. Summary of growth, feed, blood 
plasma and liver data 
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deficiency symptoms. These pigs were then rehabilitated. 
Details of the liver biopsy procedure. Other 
methods have previously been described far cattle (239) 
and swine (117). No methods have before been described 
for the baby pig. 
The animal is partially anaesthetised by an intra­
peritoneal injection of sodium pentobarbital at the rate 
of 1 grain/lb. of body wt. This takes effect within 
about 5 minutes. The abdomen is shaved. After strapping 
the pig by its leb's with its ventral surface uppermost 
the area to be cut is cleaned and washed with antiseptic, 
and a standard procedure is followed in clipping sterile 
towels around the site. For complete anaesthesia it may 
now be necessary to give a further injection to the re­
quired depth of anaesthesia by injection of the same drug 
into the right anterior vena cava. The pig is very sus­
ceptible to an overdose of most anaesthetics and care must 
be taken that this solution is administered slowly and the 
usual physiological symptoms observed. The biopsy is per­
formed by laparotomy. In the very young pig 7 days of 
age or less, or if the animal is to be sampled more than 
once in the experimental period, the incision is made 
about 1 in. medial to the costal arch by a straight inci­
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sion commencing about 1 in. from the tip of the xiphoid 
cartilage just lateral to the right cranial epigastric 
vein. The incision is carried posteriorly parallel to 
the costal arch for about 3 in. The rectus abdominus, and 
obliquus abdominus externus and internus muscles are sev­
ered. The peritoneum is pierced with care and the tissues 
reflected. About 0.8 to 2.5 g. of the border of the right 
central lobe of the liver is cut off with scissors. 
Bleeding is inhibited by using 'Gelfoam'-*- which accelerates 
coagulation. 
The peritoneum is sutured using No. 00 plain catgut 
and the succeeding layers of muscle are sutured, again 
with catgut of a heavier gage. The skin is sutured with 
nylon thread, which is removed after the wound has healed. 
The pig is then given an injection of penicillin. 
If the pig is older and not to be sampled a second 
time, or if it has been sampled previously, the incision 
is made again starting about 1 in. posterior to the xiphoid 
cartilage just medial to the cranial epigastric vein and 
the incision is carried posteriorly parallel to the medial 
•^Gelfoam* - a porous sterile gelatine material for 
promoting blood coagulation during surgery. Made by the 
Upjohn Co., Kalamazoo, Michigan. 
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line. The sample of liver is removed from the left cen­
tral lobe of the liver, most easily with pigs of 7 weeks 
of age and older. In very young pigs this lobe is not 
well developed. Care must be exercised in avoiding rup­
ture of the gall bladder. 
A sequence of photographs of the biopsy is shown in 
Plates I to VIII. 
Results 
A summary of the weight gain, total feed eaten, and 
plasma and liver vitamin A is shown in Table III. 
The biopsy did not appear to adversely influence 
growth rate. About 1.2 g. of liver were removed from each 
pig 12 days after the commencement of this experiment. 
Within the limits of accuracy of the experiment DPPD did 
not appear to have any influence, beneficial or otherwise, 
on the response of the pigs to a 40 percent dried skimmilk 
vitamin A deficient prestarter. Vitamin A deficiency did 
not reduce growth rate compared to the performance of pigs 
on the standard prestarter "75"» None of the deficient 
pigs exhibited deficiency symptoms during the experiment. 
Six of these latter pigs after the close of the experiment 
were placed, on the 6/5/55, on to Ration No. Ill, (Drackett 
Plate I. Liver biopsy. Slow administration of sodium 
pentobarbital at the rate of 1 grain/lb. body 
wt. via the right anterior vena cava. 
Plate II. Liver biopsy. The 2 positions of the biopsy 
incision marked with crayon on the right 
side. One parallel to the costal arch, the 
other medial to this and parallel to the mid 
ventral line. The forceps indicate the line 
of the right cranial epigastric vein. 
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Plate III. Liver biopsy. The peritoneal cavity opened 
showing the tip of the left central lobe of 
the liver on the left hand side. 
Plate I?. Liver biopsy. Removal of a 2 g. sample of 
the tip of the left central lobe of the 
liver. 
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Plate 7. Liver biopsy. Application of iGelfoam' to 
the cut surface of the liver to accelerate 
clotting. 
Plate VI. Liver biopsy. Suture of the peritoneum com­
pleted using No. 00 plain catgut. 
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Plate VII. Liver biopsy. Suture of the muscle layers 
completed. 
Plate VIHe Liver biopsy. Suture of the skin by lock­
stitch using nylon thread. 
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Assay Protein-fc-Lactose) of Exp. 6?4. By 6/16/55, 2190B 
had noticeably poorer eyesight, asthenia, ataxia of the 
hind limbs, and hoarse and labored breathing with a 
slight exudate from the snout. Two of the pigs devel­
oped severe xerophthalmia with observable keratomalacia. 
This is the only occasion on which keratinized corneas 
have been observed during the course of all the experi­
ments on vitamin A, (See Plate XIII for common condition). 
The other pigs gradually assumed this condition while re­
maining on feed and being well fleshed. (Rats rapidly 
lose appetite ). On 6/23/55 rectal temperatures were 
checked and no pig was recorded with a higher reading 
than 103°F. ( 102.5°F. av. normal for pig). By 7/7/55 
all pigs showed severe symptoms, including blindness and 
lack of motor control (See Plate XI). One pig died. 
On 7/9/55 (at 12 weeks of age) the remaining 5 pigs were 
rehabilitated with 100,000 l.U. of vitamin A, orally, and 
placed on a good diet. Four of the remaining animals re­
covered. 
Discussion of results 
The failure of any influence of deficiency, or of 
the biopsy, on growth during the experiment may be at­
tributed to poor growth generally by all animals and the 
Plate IX. Cerebrospinal fluid pressure measurement. 
Insertion of the spinal needle posterior to 
the hind edge of the occipital bone and 
through the dorsal opening of the atlanto-
occipital articulation. 
Plate X. Cerebrospinal fluid pressure measurement. 
The manometer attached to the spinal needle 
with the pig lying on its side and the spinal 
column horizontal. The height of the fluid 
is watched for several minutes. 
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Plate XI. Pig on basal diet at 8 wk. of age in Exp. 725 
suffering from complete paralysis of the hind 
quarters. This pig was rehabilitated with 
vitamin A therapy. 
Plate XII. Pig on basal diet at 7.5 wk. of age in Exp. 
712, carrying out continuous circling 
movement. 
Plate XIII. Exp. 779, pig on left on the basal diet at 
8 wk. of age showing symptoms of xeroph­
thalmia. Pig on right receiving adequate 






possession by the pigs of considerable liver reserves 
at the time they were weaned. The response of the liver 
to the dietary vitamin A is of a much greater magnitude 
than that of the plasma. However, the time factor in­
volved in making the biopsy mitigates some of the advan­
tage of the greater precision, which can be obtained by 
measurements on the liver. In situations where it is 
hoped to measure small differences between diets, however, 
precision may be an overriding consideration. 
Basal Diets for Vitamin A Deficiency 
Exp. 674. June, 1955* 
Purpose 
Part I. 1. To test the relative value of 4 differ­
ent diets in their suitability for producing both rapid 
gains in the baby pig simultaneously with a rapid de­
pletion of its vitamin A reserves. 
2. To improve the techniques of plasma and 
liver vitamin A analysis, and improve the biopsy technique. 
Part II. To develop the technique of a measurement of 
the cerebrospinal fluid pressure and to study the in­
fluence of vitamin A depletion and repletion on this pres­
sure and observe any correlation it may have with the 
other criteria of adequacy. 
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Method of procedure 
Design and allotment of pigs. This was as mentioned 
in the opening paragraph of Experimental. However Part I 
of this experiment was conducted in unit E, an air condi­
tioned unit, where the pigs were individually fed in pens 
with radiant floor heating. 
As the pens are very uniform in unit E, and since 
the pigs were derived from many litters, they were allotted 
to the eight treatments in a completely randomized fashion. 
These eight treatments involved 4 basal diets each with or 
without added vitamin A. The design of Parts I and II is 
outlined in Table VI. 
Plasma and liver samples were taken from the pigs 
indicated in Table VII both at the beginning and the close 
of Part I of the experiment. 
Twelve of the pigs from the 4 vitamin A deficient 
diets (3 pigs from each basal diet) were carried on in 
Part II of the experiment. Here the pigs were allotted 
from outcome groups of previous ration to 3 diets as de­
scribed in Table VI. The cerebrospinal fluid pressure of 
each pig was measured both at the commencement; and close, 
but plasma vitamin A only at the close of Part II. 
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Table IVa. Exp. 6?4. Part I basai rations 1 to é weeks 
of age 
Rat ion Ration Ration Ration 
Ingredient I II III 17 
Dr. skimmiIk (low heat, 
spray dried, irradiated) 40.00 20.00 — — — — 
Lactose — — 10.00 20.00 20.00 
Corn sugar 15.00 15.40 16.25 16.07 
Cane sugar 9.55 9.45 10.00 12.00 
Drackett assay protein 10.00 19.00 26.20 12.00 
Blood fibrin mm mm 7.5 
Gelatin — — — — — «— 5.0 
D.L.Methionine — •— 0.40 0.28 
Gr. oat groats 10.00 10.00 10.00 10.00 
Dr. Jgrewer1 s yeast 1.00 1.00 1.00 1.00 
Stabilized lard 3.00 3.00 3.00 3.00 
Lecithin 1.00 1.00 1.00 1.00 
Dr. beet pulp 2.00 2.00 2.00 2.00 
Corn steep water 1.00 1.00 1.00 1.00 
Dr. whey (low lactose) 2.50 2.50 2.50 2.50 
Iodized salt 0.50 0.50 0.50 0.50 
Dicalcium phosphate 2.00 2.00 3.00 3.00 
Calcium carbonate 0.30 1.00 1.00 1.00 
Trace minerals mix 
(35-B-41) 0.15 0.15 0.15 0.15 
Vit-antibiotic premix 2.00 2.00 2.00 2.00 
100.00 100.00 100.00 100.00 
Calculated analysis as percent of diet 
Protein 24.5 24.9 24.7 24.6 
Calcium 1.27 1.29 1.28 1.26 
Phosphorus .91 O.78 0.81 0.71 
Rations. The rations for Part I are detailed in 
Tables I7a and IVb and those for Part II detailed in 
Tables 7a and 7b. Each of these basal diets had pre­
viously been shown at this station to be of value as 
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Table IVb. Exp. 674. Part I.Trace mineral and vit-
antibiotic premix - 1 to 6 weeks of age 









Ingredient Quantity added/100 lbs. mixed 
feed 
Premix I Premix II 
Vitamin Do, I.U. 
Vitamin A, I.U. 
Riboflavin, g. 







Vitamin B,« (20 mg./lb), 
lb. 0.1 
Parvo (3% folic acid), g. 30.0 
A-tocopheryl acetate, g. 1.0 
Ascorbic acid, g. 30.0 
Thiamine HC1, g. 0.2 
Pyridoxine, g. 0.2 
P.A.B.A., g. 0.8 
Menadione, g. 0.1 
Biotin, g. 0.002 
Inositol, g. 25.0 
Choline chloride, g. 30.0 
Chlortetraeye1ine, g. 10.0 
Solv. SB0M (50%), lb. 1.70 











0 . 2  









Table Va. Exp. 674. Part II. Basal ration 6 to 12 
weeks of age 
Ingredient Amount 
Cane sugar 22.00 
Draokett assay protein 18.00 
D.L.-methionine 0.40 
Gr. oat groats 42.45 
Dr. Brewer's yeast 1.00 
Stabilized lard 3.00 
Lecithin 1.00 
Dr. beet pulp 2.00 
Corn steep water 1.00 
Dr. whey (low lactose) 2.50 
Salt, iodized 0.50 
Dicalcium phosphate 3.00 
Calcium carbonate 1.00 
Trace mineral mix (35-B-41) 0.15 
Vit-antibiotic premix 2.00 
100.00 




experimental diets. The vitamin A, where included, was 
at a very adequate level. By including vitamin A in 2 
of the treatments of Part II the repletion effect was 
measured as indicated by the various criteria. The dried 
skimmilk was irradiated in thin layers with ultra-violet 
light to destroy any residual vitamin A. 
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Table 7b. Exp. 674. Part II. Vit-antibiotic and trace 
minerai premix, 6 to 12 weeks of age 
35-B-41 (See Table I7a) 
Ingredient premix^for;U^  Ration I Ration ±1 Ration ICI 
7itamin Dp, I.U. 100,000 100,000 100,000 
Vitamin A, I.U. — — 300,000 300,000 
Riboflavin, g. 0.4 0.4 0.4 
Ca Pantothenate, g. 0.8 0.8 0.8 
Niacin, g. 2.5 2.5 2.5 
Vitamin (20 mg./lb) lb. .1 .1 .1 
Parvo (3f« folic acid) g. 30.0 30.0 30.0 
A-tocopheryl acetate, g. 1,0 ' 1.0 1.0 
Ascorbic acid, g. 10.0 10.0 10.0 
Thiamine HOI, g„ 0.2 0.2 0.2 
Pyridoxine, g. 0.2 0.2 0.2 
P.A.B.A., g. 0.8 0.8 0.8 
Inositol, g. 25.0 25.0 25.0 
Choline chloride, g. 30.0 30.0 30.0 
Chlortetracycline, g. 10.0 10.0 10.0 
DPPD, lb. - *»• 0.015 




CM 2.0 2.0 
Details of the cerebrospinal fluid pressure meas­
urement. Moore and Sykes (167) developed a method to 
measure the vitamin A status of cattle by puncture of the 
spinal canal through the dorsal opening of the atlanto-
occipital articulation. A lumbar puncture method has been 
described for older pigs (222). 
Table VI. Exp. 674. Parts I and II. Experimental plan 
40% dr. 20% dr. 
Drackett Drackett, 
assay protein fibrin, 
Special skimmilk skimmilk lactose gelatin 
Age in measure­ Build­ Ration I Ration II Ration III Ration IV 



























>igs same as for ration I -A 
v V V f y v V 
I Drackett Drackett Dfaokett-HOOO I.U. vit, 
assay protein protein-f-3000 I.U. A~K>.015% DPPD/lb of 
basal vit. A/lb. of Ration III 
Ration I Ration II 
I I 
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Table VII. Sxp. 674. Individual pig data for gain, 
plasma and liver vitamin A and spinal 
pressure. Exp. commenced 6/3/55 
Ration and 
pig number 
Plasma8 Liverb Plasma8 
6/3/55 6/10/55 7/4/55 
Liver b 
7/8/55 
Vît. ga in 
lb. 




2477S 67.2 Z'9 0.32 17.4 
2512B 30.3 2.70 6.2 0.33 27.5 
2503B 24.0 3.75 8.1 0.76 19.8 
20% DSM - no A 
2479S 11.7 
2.69 
5.0 0.94 23.4 
2501B 38.2 8.8 
25HB 40.9 
5.67 
4.9 0.21 21.3 
2509S 19.1 4.2 0.32 19.0 
Drackett -+- lactose, no A 
2472B 23.3 3.4 0.40 14.2 
2507S 37.3 1.93 3.4 0.23 10.8 
2531B 22.4 14.30 8.7 0.14 20.4 
2500S 14.0 10.17 4.5 0.18 14.0 
Ge 1+F ibn-Dra ckett j no A 
247 IB 9.3 12.9 
2508s 21.8 5-97 4.2 0.17 20.1 
2516s 21.9 6.26 6.4 1.55 18.4 
,2505s 24.0 7.34 5.3 0.16 18.8 
40% DSM+A 
2493B 15.9 3.2 
2500B 23.8 31.3 
2513B 6.82 51.9 69.88 35.5 
20% DSM-t-A 
24?3B 17.5 30.8 
2502B 22.4 26.7 
2519S 12.53 26.4 
Drackett-V- lactose 4- A 
2494B 13.3 20.0 
2506S 30.9 27.7 
2514B 10.32 16.8 
DrackettfGe ItF ibri rH-A 
2497S 30.3 28.l 
2504S 29.4 4.1 
2517S 18.49 24.5 
aVitamin A mcg./lOO ml. of plasma 
^Vitamin A meg./g. of fresh liver 
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In the method developed here, an initial trial by 
a lumbar puncture method was found to be unsuitable for 
the baby pig. Thus the following procedure was devel­
oped: 
The pig was anaesthetised by intraperitoneal in­
jection as described in Exp. 670. An area was shaved 
and antiseptic applied at the base of the skull between 
the ears. Anaesthesia was brought to a similar depth in 
each animal by slow injection into the anterior vena 
cava as previously described. A 4.5 in. spina 1 needle 
stored in 70 percent alcohol, was inserted, sloping 
slightly posteriorly, about 1 in. (varying with age) 
posterior to the hind edge of the occipital bone. The 
needle was pressed towards the median line of the spinal 
column until the vertebral ligaments were pierced. The 
stylet was removed. The dura mater was pierced and the 
manometer containing saline affixed. %e reading was 
taken as the average level over a few minutes. If the 
needle became clogged the oscilations of the meniscus, 
due to respiration and pulse, were observed not to occur. 
To obtain a high degree of precision in this rapid tech­
nique it is essential to maintain the depth of anaes­
thesia uniform between animals (See plates IX and X). 
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Results 
Part I. A summary of plasma and liver vitamin A 
values and weight gains in Part I of the experiment on 
the 4 basal rations plus or minus added vitamin A are 
given in Tables VII and VIII. Whether vitamin A was or 
was not included, the rates of gain on the different 
basal rations occurred in the following descending order: 
1) 40 percent DSM, 2) 20 percent DSM. J>) Drackett fib­
rin, gelatin, and 4) Drackett lactose. The efficiency 
of feed conversion followed the same trend. In order to 
obtain more detailed information on the rate of depletion 
connected with the different basal diets, the biopsy was 
confounded with vitamin A treatment. Any apparent effect 
of this vitamin on growth rate may be misleading and so 
has not been tabulated. 
The vitamin A contents of both plasma and liver fell 
to negligible levels within one month in Part I for all 
basais. Both tissues were devoid of carotene. The sec­
ond liver biopsy on the same pig, although quite possible, 
was found to be more difficult than the first. No ob­
vious clinical symptoms of deficiency were observed dur­
ing Part I. 
Part II. From 6 to 12 weeks of age, when the de­
ficient pigs were either continued on a deplete diet, 
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Table Till. Exp. 
Pig 
674. Summary of growth & feed data/ 
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Av. 5.2 23.8 39.8 54.7 94.3 30.9 
^Difference between means significant at P4,0.05 
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or given added vitamin A, there was no obvious influence 
of treatment on rate of gain or feed efficiency. 
However, the presence of vitamin.A in the ration 
was reflected markedly in both plasma vitamin A levels 
and cerebrospinal fluid pressures. Ether, which was 
tested as an anaesthetic on some other pigs at this time 
was suspected as influencing the degree of pressure. Thus 
it was decided that it had little value in this work. 
No effect of DPPD could be detected in any of the 
measurements and no obvious clinical vitamin A deficiency 
symptoms appeared, although one pig developed parakera­
tosis. 
Discussion of results 
The lack of any growth response to vitamin A and 
lack of clinical symptoms may have been due to any or 
all of the following: too slow a growth rate, too high 
initial reserves (although this latter is not borne out 
by the chemical analysis), or sufficient residual vita­
min A in the basal diets to provide the minimal needs. 
The occurrence of parakeratosis in one pig in Part 
II was possibly the result of a fairly high calcium level 
in the diet, despite the high level of zinc in the ration. 
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Unfortunately the second measurements of plasma and 
liver vitamin A in Part I were carried out too late for 
any real difference between the basais to show up, in 
respect to their suitability as depletion rations. How­
ever, the difference must have been small, so that it 
was decided to use 40 percent dried skimmilk in future 
basais since it promoted the highest rate of gain. 
The cerebrospinal fluid pressure appeared to be re­
lated to the vitamin A status in the suboptimum, range, as 
measured by group averages in plasma values. It also ap­
peared to respond to repletion of the animal with vitamin 
A, indicating that the pathological condition in the spine 
is not permanent, but righted fairly rapidly. 
Studies on Enzyme Development in 
the Baby Pig and Sow's Milk, 
Exp. 679. July 1955 
This experiment will not be described in detail here 
as it has been done so elsewhere (142). This was a large 
cooperative experiment conducted by graduate students and 
designed to study the enzyme development of pigs from 
birth to 6 weeks of age, while only suckling their dams» 
The sows were fed rations including sun cured alfalfa hay. 
Thirty-six pigs from 6 litters were involved. One pig 
from each litter was Sacrificed at weekly intervals - the 
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•Table IX» sxp. 6?4. Part il. Spinal fluid pressure 
and blood plasma vitamin Aa 
Plasma 
Spina 1 pr. Plasma Spinal :pr. vit. A 
Ration 7/28/55 vit. A 8/15/55 8/15/55 
Treatment 7/29/55 8/2/55 8/17/55 8/17/55 





- Vit. A 152 11.0 226 8.5 
Vit. A 106 35.0 165 52.6 
A DPPD 115 30.5 132 31.1 
aTabular values are averages of 4 pigs 
first group of 6 being sacrificed before 24 hours of age. 
Their livers were weighed and their vitamin A contents de­
termined. 
Results 
The results of the vitamin A analysis are tabulated 
in Table 2. It will readily be noticed that the pig re­
ceives large amounts of vitamin A from the sow's colostrum 
during the first week of life. Although the liver vitamin 
A content per gram declines thereafter, the total liver 
storage steadily increases. 
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(Days) (Ib.) ( Gr. } (Meg. ) (Meg. ) 
1 3.2 38 15.1 570 
7 5.5 76 30.6 2281 
14 8.0 104 26.4 2689 
21 10.2 135 24.4 3184 
28 13.8 179 21.7 3889 
35 18.5 235 19.3 4539 
42 16.7 17.4 
Sodium Bentonite Experiment 
December, 1955 
Purpose 
It had been reported (134) that sodium bentonite, 
a clay used as a binder in pelleted feeds, adsorbs vita­
min A, thus inhibiting its intestinal absorption. It 
was conceived that this might be a tool which could be 
used to inhibit the absorption by the baby pig of the 
vitamin A activity from its dam's colostrum and from the 
vitamin A-low prestarter. 
Method of procedure 
Half the pigs of a litter were dosed twice daily 
with a water sodium bentonite emulsion from birth until 
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weaning at 7 days. The other half of the litter was 
handled and dosed with water. At 7 days of age liver 
vitamin A analysis was carried out on samples removed 
from all pigs by biopsy. The pigs were immediately placed 
in two groups on a vitamin A low prestarter. Those pigs, 
which had been dosed previously with sodium bentonite, 
received 3 percent sodium bentonite in the prestarter. 
All pigs were again sampled at 3 weeks of age - the in­
cision this time being just lateral to the midline as 
described in Exp. 670. 
Rations. These are described in Tables XIa and Xlb. 
The quantities of vitamins included were greater than 
usual to counteract any adsorption effect on the clay, 
and as a therapeutic cushion after the stress of surgery. 
Results and discussion 
It can be seen from Table XII that the bentonite 
had no real effect on either gain or the absorption of 
vitamin A from the intestine during suckling or during 
the 1 to 3 week age period. However, this analysis again 
demonstrates the great accumulation of vitamin A that ap­
pears in the liver during the first week of life. Using 
the information gathered from Exp. 679> and from the 
present experiment, it dan be adduced that the pig, be­
tween the ages of 6 and 20 days, has a net utilization of 
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Table XIa. Sodium bentonite experiment. Rations 1 to 
3 weeks of age 
Ingredient Ration I Ration II 
Cane sugar 18.10 15.10 
Dr. skimmilk (low heat, 
spray dried) 52.00 52.00 
Drackett assay protein 5.00 5.00 
Dried brewer's yeast 2.00 2.00 
Stabilized lard 5.00 5.00 
Corn s teep water 2.00 2.00 
Dr. whey (sweet) 11.05 11.05 
Dr. beet pulp 2.00 2.00 
Iodized salt 0.50 0.50 
Calcium carbonate 0.20 0.20 
Trace mineral mix 35-B-41 0.15 0.15 
Vit.-antibiotic premix 2.00 2.00 
Sodium bentonite 3.00 
100.00 100.00 
Calculated analysis as % of diet 
Protein 24.8 24.8 
Calcium 0.81 0.81 
Phosphorus 0 .66 0.66 
about 125 meg. of vitamin A/day. These pigs consumed 
aboutO.52 lb. of feed/day each. Therefore these pigs 
would require approximately 790 I.u. of vitamin A/lb. of 
feed assuming perfect utilization. This is only very ap­
proximate but indicates a dietary requirement between one 
and three weeks of age somewhat higher than that between 
1 and 8 weeks of age if one assumes arbitrarily a vitamin 
A absorption of 50 to 70 percent. In subsequent studies 
it is shown that 790 I.U./lb. of feed is sufficient to 
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Table Xlb. Sodium bentonite experiment trace minerai 
and vit-antibiotic premix, 1 to 3 weeks 
of age 
35-B-41 
See Table IVa 
Tit-antibiotic premix 
Ingredient Quantity added/100 lb. mixed feed 
(Rations I and II) 
Vitamin Do, I.ÏÏ. 200,000 
Vitamin A, i.U. — — 
Riboflavin, g. 0.8 
Ca pantothenate, g. 1.6 
Niacin, g. 5.0 
Vitamin mg. 2.0 
Parvo (3% folic acid),g. 60.0 
A-tocopheryl acetate, g. 2.0 
Ascorbic acid, g. 6o.o 
Thiamine HC1, g. 0.4 
Pyridoxine, g. 0.4 
P.A.B.A., g. 1.6 
Menadione, g. 0.2 
Biotin, g. 0.004 
Inositol, g. 48.0 
Choline chloride, g. 60.0 
Penicillin, g. 4.0 
Streptomycin, g. 4.0 
Bacitracin, g. 2.0 
Solv. SBOM (50%) lb. 1.8 
Total, lb. 2.0 
allow a minimal storage of the vitamin. 
It is conceivable that the surgical wound might 
have increased the requirement, but this supposition is 
not borne out by other evidence (90)* 
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6 day 20 day of liver of liver 
weight weight at 6 days at 20 days 
(lb.) (lb.) (Meg.) (Meg.)  
Basal 






















Feed/lb. of gain - 1.62 
Vitamin A/g. of liver 
Average for % 
Average for 








5430B 2.8 4.75 10.6 45.0 7.8 
5433B 1.8 2.90 6.0 22.5 3.3 
3% sod- 54348 3.2 6.05 11.6 35.0 7.0 
ium ben-5436s 2.94 4.65 8.75 29.5 5.7 
tonite- 5438s 2.72 4.80 8.60 14.0 
Av.b 2.69 4.63 9.11 33.5 5.9 
a 
At 20 days 
6.7 
5.5 
a5438s had slight infection in incision 
^Excluding 5438s 
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The Vitamin A Requirements of 
Young Pigs from Vitamin A De­
pleted Sows, 
Exp. 712, March 1956 
Purpose 
It was considered in Exp. 674 that the lack of re­
sponse to DPPD was partly the result of the non-critical 
levels of vitamin A fed, and a lack of a sufficiently sen­
sitive response criterion to measure the effect. 
It was hoped to rectify this in the present experi­
ment, which was designed to determine the approximate vit­
amin A requirement of the young pig before 8 weeks of age, 
and the influence of DPPD upon this requirement. 
Method of procedure 
Preweaning procedure.- Mature sows were placed on a 
vitamin A low gestation ration from shortly after breeding 
until weaning. These sows and comparable sows on the nor­
mal herd ration were milked on the 1st, 4th and 7th days 
of lactation and the vitamin A and carotene contents de­
termined by the following method. The colostrum, or milk, 
was shaken well and 50 cc. samples were saponified with 
alcoholic KQH using a reflux condenser. The non-saponifi-
able fraction was separated with Skelly A using separation 
funnels. This extract was washed with water and dried 
with anhydrous NagSO^. The volume of Skelly was reduced 
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by evaporation and the material finally dried under nitro­
gen. The residue was dissolved in 5 ml. Skelly A and the 
carotene content estimated with a Bausch and Lomb colori­
meter. The vitamin A content was determined by the Carr-
Price antimony trichloride method with the same colori­
meter, following dissolution in chloroform. 
Samples of the livers from a number of the young 
pigs were similarly analyzed at birth and seven days of 
age. 
Allotment and management of pigs after weaning. The 
young of 7 of the sows at 7 days of age were placed on a 
vitamin A deficient prestarter until 4 weeks of age when 
they were repleted with vitamin A^ by dosage twice weekly 
according to body weight, using a stomach tube. 
At 4 weeks of age, on 3/19/56, the pigs were placed 
on their vitamin A and DPPD treatments as outlined in 
Table XIII. Three pigs were allotted to each pen, plus a 
spare pig for each of the 2 lower dosage levels of vitamin 
A. Plasma vitamin A measurements were made on 3/15/56, 
4/3/56 and 4/12/56. Liver vitamin A contents were measured 
^This vitamin A preparation was a specially prepared 
water dispersion by Hoffmann-LaRoche, Inc., Nutley, New 
Jersey. It contained 200,000 U.S.P. units of vitamin A/g. 
as vitamin A pa Imitate. Also included were 10 mg. DPPD/ 
million units of vitamin A. The solution was diluted to 
the required levels with distilled water and stored in 
brown glass bottles at 0°G. during the course of the experi­
ment. 
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xable XIII. Èxp. 712. Experimental design. Treatments 
from 4 to 9 weeks of age, randomized block 
design. Building-Unit G, No. 9a 
DPPD Dosed vitamin A (Meg./kg. body wt. /day) 
ib 2 3 4 
0 0 6 36 216 
(0)c (7) (49) (343) 
5 6 7 8 
0.0125% 0 6 36 216 
of diet (0) (7) 
t 
(49) (343) 
^Conducted in Unit G-, No. 9» The 4 pens were each 
split, and a poultry water fountain was placed in each 
pen. The eight treatments were allotted at random to the 
pens, forming one replication. Otherwise the design and 
procedure were as outlined in the opening section of Ex­
perimental. 
^Ration no. 
°I.U./lb. of body wt. This would be approximately 
0, 100, 700, and 4900 I.U./lb. feed. 
following biopsy on about 3/15/56 and 4/25/56. The cere­
brospinal fluid pressures were taken on 3/20/56 and 4/15/56. 
The experiment was terminated when the animals were 9 weeks 
of age. 
Rations. The gestation-lactation ration for the sows 
is listed in Table XIV and the baby pig depletion ration 
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Table XIV. Exp. 712. Gestation-lactation depletion 
ration for sows 
Ingredient 
Gr. oats, lb. 59.02 
Standard wheat mids., lb. 20.00 
SoIt. SBOM (44%), lb. 11.00 
Meat and bone scrap (50% pro­
tein), lb. 2.00 
Cane molasses, lb. 5.00 
Iodized salt, lb. 0.40 
Dicalcium phosphate, lb. 0.75 
Calcium carbonate, lb. 0.50 
Trace mineral mix (35-C-41), lb. 0.15 
Vitamin Do, I.U. 50,000 
Lederle 2-49C, lb. 0.075 
Vitamin Big (20 mg./lb), lb. 0.05 
Aurofac 10', lb. 0.05 
Total, lb. 100.00 
Trace mineral premix 35-C-41 
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and repletion rations outlined in Tables XVa, XVb, XV la 
and XVIb. 
Results 
Graph I shows the trend in the vitamin A and caro­
tene content of the colostrum and milk of 5 sows - 2 de­
pleted and 3 normal. The liver reserves at birth and at 
6 days of age of 6 pigs from sows receiving the normal 
herd ration are illustrated. Similarly, the reserves of 
4 pigs at birth and 5 pigs at 7 days, from depleted sows, 
are shown. It would appear that vitamin A received during 
gestation has more influence on both the 1st day's colos­
trum and the piglet's liver reserves at birth than is the 
case with the bovine animal (8, 54), or sheep (53),. or 
human (143). 
Following the allotment of the pigs to the ration 
treatments scours became prevalent from 3/22/56 onwards. 
By 3/24/56, 5928s on ration 4 developed deficiency symp­
toms of weakness, and lack of motor control of the hind 
legs. This condition appeared to be precipitated by 
scouring. By 3/27/56, 5933S on ration 1 developed periods 
of complete and sudden paralysis of the hind quarters. By 
the end of the month 5928s, on ration 4, developed a re­
volving motion, walking in an anti-clockwise direction 
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Table XVa. Exp. 712. Vitamin A depletion prestarter, 
1 to 4 weeks of age 
Ingredient 
Dr. skimmilk (low heat, spray 
dried) 54, ,1 
Cane sugar 16, ,0 
Drackett assay protein 5. ,0 
Dr. brewer's yeast 2. ,0 
Stabilized lard 5. ,0 
Dr. beet pulp 2, 0 
Corn steep water 2, .0 
Dried whey ( sweet) 11. ,05 
Iodized salt 0, ,50 
Calcium carbonate 0. ,20 
Trace mineral mix (35-C-41) 0. 15 
Vit-antibiotic premix 2, ,00 
100. ,00 




with head cocked to the left, describing a circle of 
about 2 feet in diameter, without ceasing, for several 
days (See Plate XII.) The hair coats of the basais gen­
erally had less lustre and several developed blindness 
with gummy eyelids. Although xerophthalmia was quite 
noticeable corneal keratinization was not obvious. 
During this experiment 10 ml. of plasma were always 
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Table XVb. Exp. 712. Trace mineral and vit-antibiotic 
premix, 1 to 4 weeks of age 
3 5 - 0 - 4 1  S e e  T a b l e  X I V  
Ingredient Quantity added/100 lb. 
mixed feed 
Vit-antibiotic premix 
Vitamin D2, I.U. 200,000 
R i b o f l a v i n ,  g .  . 0 . 8  
Ca pantothenate, g. 1.6 
Niacin, g. 5.0 
Vitamin B]_2, mg. 2.0 
Parvo (3?° folic acid), g. 60.0 
A-tocopheryl acetate, g. 2,0 
Ascorbic acid, g. 60.0 
Thiamine EDI, g. 0.4 
Pyridoxine, g. 0.4 
P.A.B.A., g. 1.6 
Menadione, g. 0.2 
Biotin, g. 0.004 
Inositol, g. 48.0 
Choline chloride, g. 60.0 
Penicillin, g. 4.0 
Streptomycin, g. 4.0 
Bacitracin, g. 2.0 
Solv. SB0M (50%), lb. 1.8 
Total, lb. 2.0 
used for vitamin A analysis, which appeared to be con­
siderably more precise than using 5 ml. Table XVII 
shows the trends in the plasma values towards the end 
of depletion, on 3/15/56, in the middle of repletion on 
4/3/56, and at the end of repletion on 4/12/56. Graph II 
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Table XVIa. Exp. 712. Starter, 4 to 9 weeks of age 
Ingredient Ration no. Ration no. 
1,2,3,4 5,6,7,8 
Dr. skimmilk (low heat, spray 
Cane sugar 
Corn starch 
Solv. SBOM (50%) 
Dr. brewerT s yeast 
Stabilized lard 
Dr. beet pulp 
Dr. whey (sweet) 
Iodized salt 
Dicalcium phosphate 
Trace mineral mix (35-0-41) 
Vit-antibiotic premix 
DPPD 


















s percent of diet 
illustrates the trend from the beginning to the end of re­
pletion. As the pigs were not allotted to treatment on 
the basis of blood values it is doubtful whether the great­
er level at the close of the experiment for those receiving 
DPPD is of any significance. This is brought out more 
clearly in Graph III, which shows no real response to DPPD 
as measured by the more sensitive criterion of liver vita­
min- A contento 
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Table XVIb. Exp. 712. Trace mineral and vit-antibiotic 
premix 4 to 9 weeks of age 
35-0-41 See Table XIV 
Ingredient Quantity added/100 lb. mixed feed8 
Vit-antibiotic premix 
Vitamin Dg, I.U. 100,000 
Riboflavin, g. .026 
Ca pantothenate, g. .11 
Niacin, g. 2.2 
Vitamin B]_g(20 mg./lb. ), lb. .1 
Parvo (3% folic acid), g. 1.7 
Ascorbic acid, g. 10.0 
Thiamine HC1, g. 0.30 
Pyridoxine, g. 0.15 
P.A.B.A., g. 0.20 
Menadione, g. 0.05 
Inositol, g. 25.0 
Choline chloride, g. 2.0 
Penicillin, g. 4.0 
Streptomycin, g. 4.0 
B~acitracin. g. 2.0 
Solv. SB0M (50%), lb. 1.8 
Total, lbs. 2.0 
aIn addition the pigs in each pen received one of 
the four levels of vitamin A orally twice weekly at the 
rates of: 0, 6, 36 and 216 meg./Kg. body wt./day. 
Clearly the dietary vitamin A is reflected in the 
blood values with tendency to a plateau in response be­
tween 49 and 343 I.U./lb. of body weight. It appears 
that when there is adequate vitamin A to bring about some 
Graph I. Exp. ?12. Effect of gestation 
lactation ration on vitamin A 
contents of colostrum and baby 
pig livers. 
Graph II. Exp. 712. Influence of 
dietary DPPD and vitamin 
A levels on the change 
in blood plasma vitamin 
A content during t he ex­
perimental repletion 
period. At the end of 
depletion before being 
placed on repletion the 
pigs were 5.5 wk. of age. 
At the end of repletion 
after receiving 4 vitamin 
A levels DPPD the pigs 
were 7.5 wk. of age. 
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Graph III. Exp. 712. Effect of 
dietary DPPD and vitamin 
A levels on the liver 
storage of vitamin A at 
the close of the experi­
mental period. The num­
bers in brackets above 
each bar represent the 
number of pigs involved. 
Graph IV. Exp. 712. Effect of diet­
ary vitamin A on the trends 
in cerebrospinal fluid 
pressures over the experi­
mental period. 
+ 0.0125 % OPPO 
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Table XVII. Exp. 712. Trends in the plasma vitamin A 
values during the experiment (Mcg./lOO ml.) 
Date 
DPPD 
I.U. vit.A/lb. body wt./day 































aThe figures in parentheses are the number of pigs 
liver accumulation the blood level fails to respond to the 
same extent to variations in dietary content. 
Table XVIII describes the trend in the cerebrospinal 
fluid pressures during the course of the experiment. There 
appears to be no influence of the DPPD upon this, however 
moderately high levels of vitamin A are effective in al­
leviating the pathological symptoms. This is brought out 
more clearly in Graph IV. 
The physiological conditions of the pigs at 9 weeks 
of age, as averages of the 2 DPPD levels, are illustrated 
in Graphs V and VI. It can be concluded that 49 I.U./lb. 
Graph V. Exp. 712. Effect of dietary vitamin A on 
blood plasma and liver vitamin A storage 
at the close of the experimental period. 
Graph VI. Exp. 712. Effect of dietary vitamin A on 
av. daily gain and cerebrospinal fluid pres­
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Table XVIII. Exp. 712. Trends in cerebrospinal fluid 
pressures during the experiment (mm. fluid) 
Date DPPD 
I.U. vit. A/lb. body wt./day 




































aThe figures in parentheses are the number of pigs 
body wt./day is minimum adequate for this age pig as a 
theraputic level following depletion. 
Discussion of results 
Under these conditions the lack of response to DPPD 
stems most probably from 2 main factors. The first is 
that the vitamin was only exposed to oxidative pressure 
in the alimentary tract, where the DPPD would be available 
for its protection. Any protection the antioxidant might 
confer in the tissues is of debatable importance. The 
residual vitamin A in the feed was of little consequence. 
Further, the vitamin A preparation itself contained some 
DPPD and was in a stable water suspension which has been 
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shown previously by several workers (110, 111, 219) to 
be highly available and rapidly absorbed before any con­
siderable oxidative influence can be exerted upon it. In 
addition it should be noted that antioxidants in general 
have a much less beneficial influence on vitamin A than 
on carotene (192). 
All the characteristics of the pigs studied were nor­
mal, except for cerebrospinal fluid pressure, in those re­
ceiving 49 I.U./lb. of body wt./day or more. The slight 
abnormality in the pressure at 49 I.U. may be attributed 
to a higher requirement in conditions of therapy. That 
is, rehabilitation, following complete depletion, may in­
volve a greater need for the appropriate nutrients. How­
ever, a more important reason may be an insufficient length 
in the repletion period to allow the dynamics of growth of 
the soft and boney tissues to adjust themselves. 
The prevalence of clinical symptoms of deficiency in 
this experiment was in all probability due to a depletion 
of the sows during gestation; but the high incidence of 
scours may have precipitated otherwise subclinical symptoms. 
The Rate of Sulfur Metabolism 
in the Baby Pig, 
Exp. 688. 1/27/56 
Purpose 
To determine the time interval required between intra-
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peritoneal injection and slaughter for maximum uptake by-
various tissues of a dose df carrier free EagS^O^.. This, 
it was considered necessary to determine before the func­
tion of vitamin A in sulfur metabolism could be studied 
in Exp. 755-
Method of procedure 
Allotment and management of pigs, and experimental 
design. Five pigs of the same age, weight and condition 
from 3 different litters were allotted at random to 5 
different treatments. These latter were 5 sequential times 
of injection of s35 prior to slaughter, as listed in Table 
XIX, at the rate of 0.2 microcuries/g. of body wt. 
At slaughter, which was by stunning and exsanguina-
tion, various body tissues were digested and their radio-
sulfur content estimated according to the method of Cember 
et al. (34a, 34b), with a variation noted below. 
Radioautographs were prepared of about 270, 7 micron 
longitudinal sections of the costal chondral junctions of 
the 4th and 5th ribs. The bones were initially fixed in 
3.7 percent formalin for 24 hours and then decalcified in 
either 10 percent sodium versenate solution, pH 7*5, or 
3 percent HOI in 70 percent ethanol pH 1.0 (52b). Using 
well recognized histological procedures the tissues were 
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Table XIX. Exp. 688. Time table for injection of S^3 
Pig Body wt. Injection Interval until 
no. (lb.) Date Hour slaughter (hr.) 
5525B 9.5 1/27/56 1400 8.93 
5529s 10.0 1/27/56 2300 16.30 
5576s 10.2 1/28/56 0755 25.0 
5459S 10.8 1/28/56 1605 34.5 
5456B 10.6 1/28/56 2300 43.-8 
dehydrated and embedded in paraffin wax. 
The slides were grouped together with lead backing, 
and covered with a sheet of black paper. On each group 
was placed an 8 in. x 10 in. sheet of Contrast Process 
Ortho film.1 This was exposed under normal conditions to 
the emanations for a period of 14 days. In order to 
standardize densities the films were developed simultane-
2 
ously in Dektol, diluted 2 to 1 with water, for 2 minutes 
with subsequent processing normal. Optical densities of 
the autographs were measured on a Weston Photo Analyzer, 
Model 877. 
Rations and management. The pigs for a few days prior 
to and during the experiment were fed individually in metal 
%ade by Eastman Kodak, Rochester, N. Y. 
2 _ Made by Eastman Kodak, Rochester, IN. Y. 
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walled pens with wire screen bottoms. Water and pre-
starter "75" described in Table XXa and XXb were offered 
ad libitum. 
Counting techniques. The method of Cember et al. 
(34b, 34a) was altered slightly inasmuch as the BaSO^ ppt. 
was transferred to a scintered glass filter using Whatman 
No. 50 filter papers. These were later dried with absolute 
ethanol followed by infra-red heat. The filters were 
weighed and counted with a 1.5mg./cm? end window Geiger-
Muller tube, placing them 2 mm. from the window. The 
counting rate was corrected for background, decay, and 
self absorption. To produce the most sensitive assay and 
to facilitate rapidity of handling it was strived to ob-
tain precipitates of about 12 mg./cm. in thickness. The 
self absorption was previously estimated by a standard 
method of counting a series of precipitates of constant 
total activity, but with variable carrier sulfate added. 
The slope of the linear regression of log. corrected count-
ing rate on thickness of precipitate in mg./cm. was com­
puted by the method of least squares, b was found to be 
-O.O3213. The counting rate values were extrapolated to 
infinite thinness of precipitate by use of the equation 
Y0 - Y4-0.03213%, where YQ is the extrapolated log. 
counting rate, Y = the log of mean counting rate for the 
2 
sample and x = the thickness of precipitate in mg./cm. 
12? 
Table XXa. Exp. 688. Pr.estarter fed throughout experi 
ment ' 
Ingredient 
Dr. skimmilk (low heat, spray dried) 40.0 
Cane sugar 10.0 
Corn sugar 5.0 
Gr. yellow corn 9.6 
Solv. SB0M (50%) 17.5 
Dr= brewer's yeast 1.0 
Stabilized lard 5.0 
Dr. beet pulp 2.0 
Dr. whey (sweet) 2.5 
Fish solubles 2.5 
Corn steep water 1.0 
Iodized salt 0.5 
Dicalcium phosphate 0.6 
Calcium carbonate 0.15 
Trace mineral mix (35-0-41) 0.15 
Yit-antibiotic premix 2.5 
100.0 





These indicate that the maximum accumulation of ac­
tivity occurs in soft tissues of pigs of 10 lb. body wt., 
9 hours or less after intraperitoneal injection, but 16 
to 18 hours after for cartilage and bone. This trend, as 
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Table XXb. Exp. 688. Trace mineral mix (35-0-41) and 
vit-antibiotic premix 
35-0-41 - See Table XIV 
Ingredient Quantity added/100 lb. mixed feed 
Vit-antibiotic premix 
Vitamin D?, I.U. 60,000 
Vitamin A, I.U. 980,000 
Riboflavin, g. .3 
Ca pantothenate, g. .35 
Niacin, g. 1.8 
Vitamin 6^(20 mg./lb. ) , lb. 0.1 
Parvo (3% folic acid), g. 30.0 
Choline chloride, g. 25.0 
Chlortetracycline, 10.0 
Solv. SB0M (50%), lb. 2.3 
Total, lb. 2.5 
measured by chemical analysis, was also followed by meas­
urements made with radioautography, as seen in Table XXI 
and Graphs VII and VIII.. 
Twenty-five of the sections prepared from each de­
calcifying method within each time treatment were used 
in the statistical study of the radioautography, making 
a total of 250 sections. .The 25 sections were arranged 
as 5 sections on each of 5 microscope slides. The optical 
densities were investigated by an analysis of variance 
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Table XXI. Exp. 688. Mean specific activities/g. 
fresh tissue 
Hours after Blood3 Lung** Earc Riba 
injection (/ml.) cartilage 
43.8 1044 3849 41,013 67,825 
34.5 1579 2961 18,185 47,993 
25.0 2958 3220 18,181 109,404 
16.3 3088 6643 33,333 139,737 
8 . 9  4893 7806 12,595 58,445 
a0ne sample/tabulated value 
^Av. of 3 samples/tabulated value 
cAv. of 2 samples/tabulated value 
outlined in Table XXII. A large portion of the variation 
can be seen to be due to the linear component of time. 
There is also a considerable influence of decalcifying 
agent on the quantity of activity in the sections, though 
the interaction of this with time is not so large. How­
ever, since each time represents only one pig, owing to 
management difficulties, no true error exists to test 
the regressions. 
The efficiency of the arrangement of the sections on 
the slides was investigated to see whether this technique 
could be further improved. This was done by estimating 
the components of variance representing the variability 
between slides within treatments and between sections 
Graph VII. Exp. 688. The changes with time in the ac­
cumulation of s35 in various pig tissues fol­
lowing intraperitoneal injection of the 
Na2S3x>4 solution. The pigs were 2.5 wk. of 
age and weighed 10 lb. Each time interval 
represents 1 pig, making a total of 5 pigs. 
Graph VIII. Exp. 688. The changes with time in the ac­
cumulation of s25 in costal chondral junctions 
of pigs following intraperitoneal injection 
of the NagS^/Oj. solution as measured by 
radioautography of the 4th ribs decalcified 
at pH 1.0 and pH 7.5. The pigs were 2.5 wk. 
of age and weighed 10 lb. Each time interval 
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Table XXII. Exp. 688. Analysis of variance of radio-
autographs of rib costal chondral junctions 
Source of _ 






































Only 4 slides instead of 3 were used for one treat­
ment thus resulting in 39 instead of 40 degrees of freedom 
for between slides within treatments. 
within slides. 
Source of variation 


















The variance of a treatment mean/determination by 
the present arrangement of 5 sections/slide and 5 slides/ 
treatment is thus seen to be 0.0002978. If however, the 
number of sections/slide were increased to 6 (again with 
5 slides) the precision of this radioautography technique 
would increase by only 9.8 percent. Yet if the number of 
slides/treatment were increased to 6 (with only 5 sections/ 
slide) the precision of the technique would have been 2^.0 
percent greater. These calculations, of course, ignore 
practical considerations of time and equipment. This dif­
ference in increase in precision can be viewed through 
other spectacles when it is realized that the F ratio be­
tween slides in treatments/between sections in slides, is 
significant with a probability due to chance of less than 
0.05. 
Discussion of results 
It can be readily appreciated from the graphs that 
the most feasible time to sacrifice the young pig in order 
to obtain maximum tissue activity is about 17 hours sub­
sequent to injection. At this time the concentrations in 
the soft tissues will not have dropped seriously. The rea­
son for choosing the time of maximum concentration is that 
at this time the largest differences in Sulfur metabolism 
resulting from vitamin A status can be expected (52a). 
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It is apparent from the radioautography technique 
that the organic sulfur components of the costal chondral 
junction, principally chondroitin sulfate are more soluble 
at pH 7*5 than pH 1. It also appears from the interaction 
component that a sulfur compound even more soluble at pH 
7.5 and relatively less soluble at pH 1 appears in the 
chain of metabolic events in the junction, between 25 and 
35 hours post injection. 
This work further demonstrates the importance of or­
ganic sulfur compounds in cartilage, and particularly in 
regions of hypertrophy. 
The Influence of Vitamin A Status on S^3 
Metabolism in the 9 Week Old Pig, 
Exp. 755. 9/17/56 
To preserve continuity of thought this experiment 
is to be discussed next, although chronologically it oc­
curs later. 
Purpose 
To study by chemical and radioautographical analysis 
the distribution of 3^5 in the tissues of litter mate pigs 
from Exp. 743 maintained on 7 different levels of vitamin 
A. Such information might throw light on the optimum in­
take of vitamin A for the pig and further the knowledge 
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concerning the mode of action of vitamin A, particularly 
in bone development. 
Method of procedure 
Design, allotment of pigs and management. The rations 
to which the animals were assigned were fixed by the pre­
vious experiment (Exp. 74-3) • The 7 animals were placed in 
the pens used in Exp. 6-88 and fed and watered individually 
4 times daily. Following about 24 hours adjustment period 
the pigs were weighed and injected intraperitoneally with 
carrier free Na2S^^04 as indicated in Table 2X1II at the 
rate of 0.2 microcuries/g. of body wt. Sacrifice occurred 
17 hours post injection. 
Rations. These are shown in Table XXXa and XXXb. 
Table XXIII. Exp. 755. Time table for injection of 8^5 
Ration treatment 
Pig no. Body wt. Injection (I.U. vit.A/lb. of 
(lb.) Date Hour feed) 
75708 39.0 9/17/56 18.18 Basal 
7571B 61.0 " " " 19.24 790 
7573B 54.O " " " 20.04 55 
7577S 52.0 " " " 20.44 208 
75798 61.0 » » " 21.24 1,540 
7572B 54.75 " " " 22.04 11,393 
7578s 59.5 9/18/56 16.47 3,000 
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Procedure at slaughter. The same procedure was fol­
lowed as in Exp. 688, except that in addition thyroid 
glands were weighed, and photographed (Plate XVII); paro­
tid salivary glands were fixed mounted, stained and sec­
tioned by standard histological procedures together with 
longitudinal sections of rib costal chondral junctions* 
(Plates XIV and XV).1 
1-The dark area toward the top is the developing trabe-
culae of the ribs containing active osteoblasts. At the 
bottom of the plate is seen the zone of proliferation where 
chondrocytes are rapidly dividing and becoming arranged in 
columns. The cells become displaced towards the top as 
they mature. The columns are separated by columns of 
cartilage matrix. In the zone of maturation the cells are 
somewhat larger and occupy rounded lacunae. Above this is 
the zone of hypertrophy in which the cells are greatly en­
larged and have pale vesicular nuclei and highly vacuo­
lated cytoplasm. This is the osteoid tissue where calci­
fication becomes active. The chondrocytes complete their 
cytomorphosis and die. Resorption of the thin transverse 
septa between the cells, and the degeneration of the cells 
themselves leave a series of recesses at the bases of the 
cell columns. These are separated by irregular spicules 
of calcified cartilage which project a short distance into 
the marrow cavity. Capillary loops grow into the recesses 
from the marrow carrying with them primary connective tis­
sue cells which differentiate into osteoblasts. The osteo­
blasts gather upon the surfaces of the spicules of calci­
fied cartilage and deposit bone, as seen at the top. 
It- is in the cartilage region of the junction par­
ticularly the regions of hypertrophy and maturation that 
the chondroitin sulfate accumulates. It is upon this 
molecule that it is suspected the primary calcium de­
posits are formed. The concentration of the sulfated 
mucopolysaccharide in this region is seen in Plate XVI 
to be markedly influenced by the vitamin A regimen of 
the system. 
Plate XIV (a). Exp. 755» Parotid salivary gland 6 
micron section stained with hematoxylin and 
eosin. Normal gland from pig receiving ade­
quate vitamin A. At top secretory alveolar 
tissue. Central interlobular connective 
tissue with a normal interlobular duct 
lined with columnar epithelium. 
Plate XIV (b). Exp. 755» Parotid salivary gland 8 
micron section stained with hematoxylin and 
eosin. Pathological condition in pig on 
basal diet. At top normal alveolar tissue. 
Remainder of photograph shows interlobular 
connective tissue containing a normal venule 
top right, a normal interlobular duct bottom 
left. Bottom right shows a rarely seen ab­
normal interlobular duct resulting from vit­
amin A deficiency. The duct is lined with 
irregularly built-up metaplastic squamous 
keratinized epithelium. 
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Plate XVb. Exp. 688. L.S. costal 
chondral junction of the 
4th rib of 10 lb. pig on 
normal ration. This is a 
similar region to that 
shown in Plate XVa. The 
columns of chondrocytes 
are seen to be more reg­
ular, probably due to 
the angle of cleavage. 
The area of bone is be­
yond the top edge of 
the plate. For further 
information see footnote 
1 on page 1^6. 
Plate XVa. Exp. 688. L.S. costal 
chondral junction of the 
4th rib of 10 lb. pig on 
normal ration. This is 
the region of prolifera­
tion, hypertrophy and 
finally calcification. 
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Plate XVI. Exp. 755. Radioautographs of L.S. costal 
chondral junction of the 4th rib, 17 hrs. 
following intraperitoneal injection of Na2s35o4 
at 9 weeks of age. The slides are numbered 1 
through 7 representing sample slides from 
the ribs of pigs on treatments 1 (Basal) through 
7 (11,393 I.U. of vitamin A/lb. of feed). The 
maximum accumulation of activity occurs in the 
region of hypertrophy of the chondrocytes with 
less accumulation in the region of prolifera­
ting cartilage cells. Some activity also is 
seen at the periosteum along the boney part of 
the rib. The activity in the line of the junc­
tion decreases from slide 1 to slides 4 and 5 
and then increases slightly in slides 6 and 7. 
There also appears a decreased vascularity in 
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Plate XVII. Ventral view of thyroid glands removed 
from 7 pigs, 8.5 wk. of age in Exp. 755. 
(The photograph describes it as Exp. 745 
as it had not at that time been numbered. 
The litter was taken from Exp. 743). A 
trend of increasing red color density can 
be discerned as one proceeds from the 
basal to 1540 I.U. Thereafter there is a 
decrease in this density. This suggests 
that the degree of vascularity follows 
the same trend. 
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THYROID GLANDS EXP 743 
11393 3000 1540 790 
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Advantage was taken of the evidence brought forward 
in Exp. 688 on statistical errors in radioautography. 
It was decided to prepare autographs of bones from each 
ration treatment, decalcified again at pH 1 and 7 «5 so 
that 6 microscope slides of 5 sections per slide would be 
used for each of the 14 treatments. This makes a total 
of 420 autographs, prepared as before in Exp. 688, (Plate 
XVI and Graph IX). 
In addition the analysis of Cember erfc al. (34a, 34b) 
was modified again. Duplicate tissue samples were anal­
yzed and this time the BaSO^ was precipitated by centri-
fugation in tubes cut from plexiglass pipes which were 
coated internally with "Desicote". The precipitate formed 
in removable bottoms, which were stainless steel planchets 
of average internal diameter 2.441 cm., made by Tracerlab. 
In the experiment blood plasma, instead of whole 
blood as in Exp. 688, was analyzed for 8^3. This was to 
facilitate the preliminary digestion of this fluid. 
With the introduction of these planchets it was nec­
essary to compute a new self absorption curve. To achieve 
this a constant activity was added to solutions which 
formed precipitates weighing from 0.002607 g. to 0.021582 
g./cm?, using 5 replicates/wt. of precipitate. The regres-
Graph IX. Exp. 755* The effect of dietary vitamin A 
on the £>35 accumulation in the costal chondral 
junction of the 4th rib 17 hours after in­
jection of the isotope, as measured by radio­
autography. Each vitamin A level represents 
1 pig at 9 wk. of age. 
Graph X. Exp. 755. The effect of dietary vitamin A on 
the s35 accumulation in various pig tissues 17 
hours after injection of the isotope as meas­
ured by chemical analysis. Each vitamin A 
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sion coefficient of log. corrected counting rate on thick-
p 
ness of precipitate in mg./cm. = -0.02548. The counting 
rates were extrapolated to infinite thinness of precipi­
tate by use of the equation Y@ % Y-^0.02548x, where Yq is 
the extrapolated log. counting rate, Y = the log. of the 
mean counting rate for the sample, and x = the thickness 
of precipitate in mg./cm? 
Results and discussion 
Plate XVII is a photograph of the thyroid glands, 
which appear to follow a trend in color with increasing 
level of vitamin A. Optical density readings show an 
increase from O.36O for the basal toO.674 for the gland 
from the pig receiving 1540 I.U. and then a drop in den­
sity to about O.56O for the glands from the pigs on the 
two highest levels of vitamin A. 
Plate XIV displays sections stained with hemotoxy-
lin and eosin, of the parotid salivary glands. It appears 
that squamous metaplasia of the interlobular ducts, which 
has been shown to be a specific symptom of vitamin A de­
ficiency in cattle (119), is only of rare occurrence in 
the pig. 
Plate XV is of longitudinal sections of the costral 
chondral junctions stained with toluidine blue. Here, 
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the effect of the deficiency is less marked than with 
other species (118, 243). The line of the junction is 
still fairly regular, with no obvious abnormalities in 
the osteoid tissue, with osteoblasts being present. 
However $ there is an obvious trend in the accumulation 
of organic sulfur, and total sulfur in this region as 
shown in Plate XVI, Graph IX and Graphs X and XI. As in 
the previous experiment the sulfur compounds in the cos­
tal chondral junction appear to be less soluble at pH 1 
than pH 7.5. This state is even more marked at the high­
est level of vitamin A, 11,395 I.U./lb. of feed. 
The general trend is for the specific activities to 
decrease in the costal chondral junctions, lungs and plas­
ma with increasing dietary vitamin A content, although 
there is an upturn in the activity curve at higher levels 
of the vitamin, where growth depressions have also been 
noticed. The basal pig had an extremely high specific 
activity in the junction, which was greatly reduced by as 
little as 55 I.U. of vitamin A/lb. of feed. A summary of 
the tissue chemical analysis and analysis of the radio-
autographs is given in Table XXIV. 
The trends are readily discernable and are, in fact, 
the reverse of these found by Dziewiatkowski in rats (52a) 
Graph XI. Exp. 753» A comparison of the radioauto-
graphical and chemical methods for esti­
mating the S35 accumulation in the costal 
chondral junction as influenced by vitamin 
A. The correlation coefficient, r, for the 
agreement between the 2 methods = .935* 
Each vitamin A level represents 1 pig at 
9 "wj& of age. 
Graph XII. Exp. 725. The effect of dietary vitamin A 
on blood plasma and liver vitamin A contents 
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Table XXIV. Exp. 755. (a), mean specific activities/ 
g. fresh tissue, and (b), mean densities 
of autographs 
(a) 
I.U. vitamin A/ Ear Blood 
lb. of feed 5th riba cartilage" Lunga plasma/ml.a 
Basal 87581 21213 7054 10951 
55 42622 22302 3442 2268 
208 48600° 5902° 4033° 5163c 
790 32554 10811 1731 1654 
1540 46789 12812 1346 1158 
3000 54014 17082 1761 1653 
11393 54782 22891 2148 1761 
(b) 
I.U. vitamin A/ 
lb. of feed HC1 Sod. versenate Av. 
Basal .4017 .3493 .3755 
55 .1813 . 1317 .1565 
208 .2003 .1690 .1846 
790 .1123 .0867 .0 995 
1540 .0897 .0960 .0928 
3000 .1613 .1557 .1585 
11393 .2638 .0810 .1724 
aAv. of 2 samples/tabulated value 
bAv. of 3 samples/tabulated value 
cThis pig was slightly morbid throughout the experi­
ment 
where vitamin A administered to deficient animals brought 
about an increase in the specific activities of all tissues 
except blood serum. In the serum he found that an admin­
istration of the vitamin to deficient animals brought 
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about a decrease in the inorganic sulfate-sulfur of the 
serum. 
Correlations between the various variables were com­
puted and have been tabulated in Table XXV. Since these 
estimates are calculated from small numbers of observa­
tions not too much significance should be attached to their 
numerical value. There appears to be a high negative 
relationship between growth and all tissue activities, 
except ear cartilage. This is in contrast to the lesser 
relationship of plasma vitamin A content and growth. There 
is no obvious relationship between the cerebrospinal fluid 
35 pressures of these animals and the S activities of the 
rib junctions, except that both the activity and pressure 
were very high in the basal pig. Both these measurements 
decreased as the vitamin A level was increased up to 790 
I.U. Further the relationship between plasma S-^3 and 
growth is closer than that between plasma vitamin A and 
growth. 
The agreement between chemical and autographical es­
timates of S& in the rib junction is very encouraging 
(Graph XI and Table of correlations, Table XXV). The 
thyroid measurements appear to be related to growth, 
sulfur metabolism, and vitamin A level, although 1 or 2 
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Table XXV. Exp. 755. Correlations between the various 
estimated variables 
Covariables 
Rib autography & chem. anal. 0.935 
Bar cart. s35 & gain -0.071 
Rib S35 & gain -0.860 
Lung s35 & gain -0.909 
Plasma s35 & gain -0.959 
Thyroid & plasma S^5 O.683  
Thyroid & gain -0.714 
Diet vit. A level & gain 0.568 
Diet vit. A level & plasma S*-? -0.754 
Diet vit. A level & rib S35 -0.434 
Diet vit. A level & thyroid wt. x Opt. density 0.648 
Rib S35 & thyroid wt. x opt. density 0.147 
Plasma s35 x thyroid wt. x opt. density -0.293 
Partial correlations 
Diet vit. A & plasma S^3 independent of wt.gain -0.837 
Diet vit. A & rib s35 independent of wt.gain 0.423 
Diet vit. A & plasma S35 independent of 
thyroid wt. x opt. density -O.775  
Diet vit. A & rib s35 independent of thyroid 
wt. x opt. density -0.449 
of these relationships may only be incidental. 
The partial correlations in Table XXV indicate that 
when growth rate is held constant S^3 activity of the ribs 
increases with vitamin A level in the diet, but the 8^3 
activity of the plasma decreases. This reversal brings 
the data in line with the work at the Rockefeller Insti­
tute for Medical Research (52a) with rats. This sug­
gests that in their work, where the rats were initially 
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depleted of vitamin A before intraperitoneal injection of 
the vitamin, they were not growing appreciably- during the 
sulfur experiment. 
The Vitamin A Requirements of 
the Baby Pig Group Feeding, 
Exp, 725. May 1956 
Purpose 
To determine the vitamin A requirements of the baby 
pig from depleted sows, in the first 9 weeks of life, 
without an initial pig depletion period and by including 
vitamin A in the feed. 
Method of procedure 
Allotment and management of animals and experimen­
tal design. The design of experiment and allotment and 
management of pigs is as stated in the opening paragraphs 
of experimental. The 80 pigs were out of sows fed through­
out gestation and lactation on a vitamin A deplete diet. 
The young were fed from weaning on diets containing 7 
levels of vitamin A in three replicates until 8 weeks of 
age in the 20 pens of Units A and B. (The basal was rep­
licated only twice). At this age measurements were made 
of plasma and liver vitamin A and cerebrospinal fluid pres­
sure. The liver analysis was carried out on only 19 of 
the 80 animals. After removal from the experiment 14 of 
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the pigs were slaughtered and their carcases studied. 
Rations. From 1 until 5 wfc. of age a prestarter was 
fed. At 5 wk. until the close of the experiment at 8 wk. 
the pigs were fed a starter ration. These rations together 
with the added levels of vitamin A are listed in Table XT7I. 
One pig receiving 14.5 I.U. of vitamin A/lb. of diet 
developed dermatitis 13 days after being placed on experi­
ment. A pig in the next pen on the basal ration developed 
the same condition 20 days after being placed on treatment. 
Iodine was used as a dressing. Thirty-seven days from the 
commencement a pig receiving 55 I.U. developed similar 
symptoms. 
Results 
Deficiency symptoms became noticeable among the basal 
pigs about a month after the commencement of the experi­
ment. These included slightly ruffled and dull haircoat. 
The heads of these animals were often tilted up and poor 
sight and hearing developed. Forty-six days after the 
commencement of the experiment complete paralysis of the 
hindquarters became apparent among some pigs receiving 55 
I.U. or less. This symptom would disappear in a pig as 
rapidly as it first appeared and recur for short periods 
several times before becoming permanent. These pigs began 
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Table XXVIa. Exp. 725. Rations 1 to 8 weeks of age 
Ingredient 1 to 5 wk. 5 to 8 wk. 
Dr. skimmilk (low heat, spray dried) 40.00 20.00 
Cane sugar 15.00 15.55 
Lactose 5.00 — — 
Gr. white corn — — 42.00 
Corn starch 7.07 — — 
Solv. SBOM (50%) mm 14.00 
Drackett assay protein 9.30 — — 
Dr. brewer's yeast 2.00 2.00 
Stabilized lard 4.00 — — 
Dr. beet pulp 2.00 2.00 
Dr. whey (sweet) 10.51 — 
Corn steep water 2.00 
Iodized salt 0.50 0.50 
Dicalcium phosphate 0.67 l.8o 
Trace mineral mix (35-C-41) 0.15 0.15 
Yit-antibiotic premix 2.00 2.00 
100.00 100.00 
Calculated analysis as percent of diet 
Protein 25.9 18.4 
Calcium 0.80 0.82 
Phosphorus 0.70 0.74 
to sleep for long periods of time and became unresponsive 
except that they grunted and squealed frequently while 
awake with a voice which indicated deformity of the laryn­
geal cartilages. Altering of the voice is often one of the 
earliest deficiency symptoms. These pigs ate well even 
when it was difficult for them to move - this is in con-
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Table XXVIb. Exp. 725. Trace mineral mix (35-0-41) and 
vit-antibiotic premix 
35-0-41 See Table XIV 
Ingredients 
Quantity added/ Total cal-




1-5 wk. 5-8 wk. 1-5 wk. 5-8wk. 

















Riboflavin, g. — 0. 2 . 51 .45 
Ca pantothenate, g. 0. 077 0. 1 1. 0 .81 
Niacin, g. 2. 25 1. 5 3. 0 2.6 
Vit. B12 (20 mg./lb), lb, 0. 10 0. 075 -
Parvo (3% folic acid) , g 1. 7 _ 
A-tocopheryl acetate, g. . 3 — — 
Ascorbic acid, g. 10. 0 • - — —  
Thiamine, H01, g. 0. 3 — — —  
Pyridoxine, g. 0. 15 • - — --
P.A.B.A., g. 0. 20 
Menadione, g. 0. 05 — •  - —  —  
Inositol, g. 25. 00 mm mm 
Choline chloride, g.( J 0 %  liquid )20. 00 28. 6 45. 0 60.6 
Ghlortetracycline, g. 4. 00 2. 00 • - — -
Penicillin, g. 4. 00 2. 00 — —  
Streptomycin, g. 
Solv. SB0M (50%), lb. 
2. 0 1, 00 • - — —  
1. 85 •  - —  —  
Drackett assay protein, lb. 1. 80 — — —  —  
Total, lb. 2. 00 2. 00 











Table XXVIb. (continued) 





trast to the rat. The development of acute symptoms of 
paralysis has been found to be more frequent amongst those 
pigs growing faster. The poorer growers usually just be­
come progressively more scraggy. Three typical clinical 
symptoms are photographed in Plates XI, XII and XIII. 
6977s (Plate XII) exhibiting complete hindquarter paraly­
sis, sustained, what appeared to be complete recovery from 
this a week following a massive dose of vitamin A at 8.5 
wk. of age. 
At 8 wk. of age the spinal fluid pressures which were 
measured on about 75% of the animals, followed a linear 
trend downward as the dietary vitamin A content was in­
creased by geometric intervals. At 790 I.U. this pressure 
attained normality. The status quo was maintained at the 
next higher level of vitamin A-3000 I.U. Also at 790 I.U. 
of vitamin A/lb. of feed the plasma vitamin A content was 
l6o 
approaching normal values and some liver storage was de­
tected (Graph XII and Table XXVII). This level of vitamin 
A could then be considered the minimum requirement for the 
young pig. Feed/lb. of gain was the least between 14.5 
and 208 I.U. of vitamin A/lb. of feed. Poorer "efficiencies " 
existed above and below these limits. Weight gain at 8 wk. 
of age was at a maximum between 107 and 790 I.U./lb. of 
feed (Graph XIII and Table XXVIII). The performance of the 
groups receiving 208 I.U. was diminished by 2 pigs which 
became lame, through factors which seemed to bear no con­
nection with dietary treatment. 
Although the averages of the various criteria bear 
an obvious relationship one with the other, the within 
animal correlations of these criteria, as is often the 
case, show no obvious trends. 
Weight gain, plasma vitamin A and spinal fluid pres­
sure all described significant (P<0.05) linear regressions 
on log. dose of vitamin A in the feed. The drop in gain 
from 790 to 3000 I.U. was not significant at P<0.05. The 
feed/lb. of gain described a highly significant (P<0.001) 
quadratic regression on log. dose of vitamin A. 
The carcase study on 14 of the pigs slaughtered gave 
no indication of any influence of dietary vitamin A on 
specific gravity. Nevertheless, the thyroid gland wt./ 
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Table XXVII. Exp. 725- Trends in spinal pressures in 
mm. of fluid and plasma vitamin A in 




1 Plasma I.098 0.81 — 
Pressure 30 la 546 
2 Plasma 1.63 1.41 1.15 
Pressure 427 233 342 
3 Plasma 3.05 2.16 2.39 
Pressure 311 355 352 
4 Plasma 4.65 3.79 4.96 
Pressure 193 313 246 
5 Plasma 5.23 4.60 6.85 
Pressure 129 176 200 
6 Plasma 12.89 16.81 17.75 
Pressure 128 114 127 
7 Plasma 20.95 20.83 19.66 
Pressure 116 137 111 
^Values are each averages of 3 to 4 pigs 
unit of body wt. did tend to increase to a maximum at 
790 I.U. but fell again at 3000 I.U. However, the weights 
were very variable. These data are shown in Table XXIX. 
Discussion of results 
Again the addition of only small quantities of vita­
min A rectified most of the depression in weight gain. 
Graph XIII. Exp. 725. The effect of dietary vitamin A 
on av. daily gain and on feed/lb. of gain 
up to 8 wk. of age. Linear regr. of gain 
significant at P<0.05. Quadratic regr. 
of feed/lb. of gain significant at P<0.001. 
Graph XIV. Exp. 743. The effect of dietary vitamin A 
on av. daily gain and on feed/lb. of gain 
up to 8 wk. of age. Linear regr. component 
of gain significant at P <0.001. 
Quadratic regr. component of gain signif­
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Table XXVIII. Exp. 725. Total wt. gain8(lb./pig) 
from 1 to 8 weeks of age and feed/lb. 
of gainb 
Replication 
Treatment no. ~j jj jjj 
1 Gain 34.0° 38.3 33.8 
F/G 1.860 2.09 2.10 
2 Gain 34.0 35.3 31.8 
F/G 1.78 1.86 1.96 
3 Gain 39.3 47.7 39.1 
F/G 1.72 1.83 2.01 
4 Gain 42.1 50.3 41.9 , 
F/G 1.82 1.91 1.94 
5 Gain 43.6 42.5 41.8 
F/G 1.82 1.85 1.91 
6 Gain 44.8 47.9 40.2 
F/G 1.85 1.98 2.03 
7 Gain 41.3 42.3 43.6 
F/G 1.91 1.96 2.02 
aSignif. linear regr. P<0.05 
bSignif. quadratic regr. P< 0.001 
°Values are each averages of 4 pigs 
This suggests that the requirements for soft tissue growth 
are small; or in other words, possibly vitamin A may be a 
co-factor for enzymes which have a great affinity for this 
circulating vitamin A, and which are involved in the 
growth processes of soft tissue. 
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Table XXIX. Exp. 725. Carcase measurements of pigs 
















wt./lb. A mcg./g. 
body fresh 
wt. g. liver3 
1 1 35.5 1.067 1.060 .042 
1 1 34.0 1.063 0.924 .028 
1 2 30.7 1.055 1.542 .050 .059 
1 2 30.3 1.063 1.421 .047 
2 1 22.0 I.072 1.204 .049 .087 
4 1 37.0 1.058 3.114 .078 .105 
4 1 30.5 1.071 2.043 = 061 
4 2 42.5 1.059 2.176 .051 .139 
4 2 35.7 1.059 1.473 .041 .133 
6 2 42.0 - 2.86? . O68 2.860 
7 1 35.5 1.063 1.339 .035 24.06 
7 1 34.0 1.059 0.918 .025 19.50 
7 2 40.5 — 2.016 .050 26.46 
7 2 39.5 1.067 2.088 .053 26.35 
aThe liver analysis here only includes those for 
which the carcase was analyzed. In total liver vitamin 
A analysis was completed on 19 animals. 
Again, at levels of vitamin A which lead to liver 
storage, factors other than dietary content appear to 
control the plasma concentration of the vitamin. In this 
range of dietary content, plasma levels are homeostati-
cally maintained by the liver and do not reflect varia­
tions in the diet to any great extent. 
It was very, encouraging to find that the response of 
the spinal fluid pressure to log. dose was- linear and very 
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sensitive to variation in dietary content in the sub-
optimum region. This, together with the fact that nor­
mality is clearly defined by a break in the slope of the 
response curve, is the attribute of the most useful cri­
teria for measuring nutritional adequacy. 
Since the cerebrospinal fluid is considered to be an 
active secretion of areas of the choroid plexus it is 
possible to conceive of other causes of increased pressure 
than those due purely to the hydrostatic pressure set up 
by depressed bone growth sequences ( 130,-154). However, 
the chain of metabolic events between the function of 
vitamin A in the tissue and the development of the pres­
sure would seem to be short and direct. This pressure 
represents a basic physiological response of the animal to 
the dietary regime and so contains a factor of individual 
variation in requirement, whereas the plasma levels, which 
apparently contain less variation between animals receiving 
the same ration, can be considered to be much more a pas­
sive response to the diet. This plasma level can only 
then be used as a criterion for adequacy when the precise 
relationship between this and other coneommitant variables, 
which reflect a true 'need' response, has been established. 
It can be readily appreciated that normality could only be 
maintained in the body if this pressure was kept within 
fairly well defined and narrow limits. It is possible, 
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nevertheless, to conceive of a wider variation in plasma 
vitamin A which was still consistent with health. 
The trends in feed efficiency which indicate a poorer 
conversion ratio at both very low and high dietary vitamin 
A intakes are not explainable. There is no apparent dif­
ference in the fat content of the carcases, although it 
is realized that the scarcity in numbers of pigs, for 
which carcass data is available, may hide the true effect. 
It is possible that the degree of physical activity of 
the animals, as influenced by diet, may In.part be responsi­
ble. The thyroid data would not contradict this postula­
tion. In the final analysis it must be admitted that our 
meager knowledge of the components of feed efficiency 
makes it unwise to digress much on these observations. 
Feeding Vitamin A Individually, 
Sxp. 743. duly, 1936 
Purpose 
To obtain further evidence on the vitamin A require­
ments of the baby pig by individually feeding a different 
range of levels from those used previously, and observe 
whether the resp.onse curves approach normality at a sim­
ilar dietary concentration. Also it was hoped to sub­
stantiate the earlier indications of a depressed perform­
168 
ance at higher levels of the vitamin. 
One litter of pigs from this experiment was used at 
the close of the experiment for the 3^5 studies of Exp. 755« 
Method of procedure 
Thirty-six pigs from another set of sows fed through­
out gestation and the 7 day lactation on a vitamin A-
deplete diet were allotted to the 7 treatments in unit S, 
as indicated in the opening paragraphs of Experimental. 
There were then 5 replications of each treatment except 
for the 3rd treatment, for which there were 6 replications. 
In contrast to previous designs there was only 1 pig/pen. 
Other details including management were as those outlined 
at the beginning of Experimental, except that the pens 
possessed radiant floor heating. The slab temperature 
was maintained at 80°-85°E during the first few days and 
then dropped slowly to 70° by 5 wk. of age. The room 
temperature was started at 75°F and likewise lowered to 
about 65° by 5 wk. of age. At this age the pigs were 
transferred to the individual pens in both the steel and 
wooden crates with wire flooring in the south and north 
ends of Unit F, where they remained until the close of the 
experiment at 8.5 wk. of age. 
At this period, between 8 and 8.5 wk. of age the us­
ual physiological measurements were taken. Liver vitamin 
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A analysis was only made on 15 pigs during this experiment. 
Rations. The diets fed between 1 and 5 wk. of age 
and between 5 and 8.5 wk. of age are shown in Tables XXXa 
and XXXb together with the vitamin A treatments involved. 
Results 
As previously, 50 days elapsed after commencement of 
the experiment before definite clinical symptoms of defi­
ciency were recognized. 
It was suspected that a decrease in the flow of sal­
iva might take place in the pigs receiving diets low in 
vitamin A. It was noticed that by 5 weeks of age these 
pigs would only consume a very little dry feed before 
drinking water, so that during feeding they would go to 
the waterer every few seconds. 
Also there are indications that the quality of the 
saliva is low. One pig from the ration 2 of Exp. 712 
used in another experiment was shown to possess negligi­
ble salivary amylase activity. 
Again it was observed that in uncomplicated vitamin 
A deficiency the pig will maintain good appetite. The 
basal pig needed for Exp. 755 had to be held at the feeder 
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TableXxXa. Exp. 74-3. Basal rations fed from 1 to 8.5 
weeks of age 
Ingredient 1-5 wk. 5-8.5 wk. 
Dr. skimmilk (low heat, 
spray dried) 40.00 20.00 
Cane sugar 16.00 15-55 
Lactose 4.89 
G-r. white corn 10.00 42.00 
Solv. SB0M (50%) — 14.00 
Drackett assay protein 7.37 
Dr. brewer's yeast 2.00 2.00 
Stabilized lard 4.00 
Dr. beet pulp 2.00 2.00 
Dr. whey (sweet) 10.31 
Iodized salt 0.50 0.50 
Dicalcium phosphate 0.78 1.80 
Trace mineral mix (35-0-41) 0.15 0.15 
Vit-antibiotic premix 2.00 2.00 
100.00 100.00 
Protein 24.9 18.4 
Calcium .84 .82 
Phosphorus .72 .74 
TableXEXb. Exp. 743. Trace mineral mix (35-0-41) and 
vit-antibiotic premix 
For 35-0-41, see Table XIV. For vit-antibiotic premix 
ingredient, see Table XXYIb. Exp. 725 









as it was quite unable to stand alone. 
The response to the diet as measured by rate of gain 
followed a highly significant (P<0.001) linear trend 
with maximum growth rate between 790 and 1540 I.U./lb. 
of feed. The quadratic component was significant at 
P <0.05. The coefficient of variation in this experiment 
was only 4.4% for gain and so the slight depression in 
weight gain at the 2 highest levels was a significant one 
when compared to the next highest rations 4 and 5. Again 
the ratio feed/gain described a quadratic trend on vita­
min A level with least feed required on rations 2, 3, and 
4, however the effect did not approach significance. These 
trends are illustrated in Graph XTV. 
The blood plasma vitamin A response curve reached 
the inflection point at 790 I.U., at which level a minimal 
liver storage occurred and also the spinal pressure reached 
normal values. Although at this age ( 8 wk.) the liver 
analysis was only carried out on 7 animals, it agreed very 
well with previous experiments. The spinal pressure read­
ings again in the sub-optimal range of vitamin A were a 
linear function of log. dose. In fact, assuming that this 
is. a valid response criterion its response curve pinpointed 
the minimum requirements very nicely, by an abrupt change 
in slope. These data are presented in Table XXXI and 
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Table XXXI. Exp. 743. Individual blood plasma, cere­
brospinal fluid pressure and liver values 
at 8 weeks of age 
I. Blood plasma vitamin A (mcg./lOO ml. plasma) 
Reps. Added vitamin A (i.U./lb. of feed) 
0 55 208 790 1540 3000 11393 Av. 
1 0.769 6.06 6.06 19.56 11.70 30.49 27.24 14.55 
2 2.733 3.33 9.22 27.24 - 31.06 33.05 17.77 
3 1.540 2.73 7.60 17.76 17.17 18.36 31.77 13.85 
4 0.769 4.95 6.23 21.52 20.50 20.50 25.71 14.31 
5 1.537 3.07 9.22 20.50 21.86 21.18 30.49 15.41 
Av. 1.470 4.03 7.67a 21.32 17.81 24.32 29.65 
II. Cerebrospinal 
/ 
fluid pressure (mm. fluid) 
1 227 132 74 124 108 133 133 
2 320 230 105 85 116 118 58 147 
3 240 200 132 — — 101 112 157 
4 243 180 158 84 60 75 124 132 











203 134b 83 100 99 105 
III. Liver vitamin A (meg, ,/g. fresh liver) 
2 - 0.34 0.07 2.95 7.67 24.4 123.0 
aWith 6 values av. is 7.66 
bWitk 6 values av. is 140 
and Graph XV. 
Discussion of results 
The outcome of this experiment was almost identical 
to that of previous experiments at other seasons. Very 
Graph XV. Exp. 743» The effect of 
dietary vitamin A on blood 
plasma and liver vitamin A 
contents and on cerebro­
spinal fluid pressure at 
8 wk. of age. 
Graph XVI. Exp. 779» Effect of 
dietary vitamin A and 
ambient temperature on av. 
daily gain and feed/lb. 
of gain up to 8 wk. of 
age. Quadratic regr. of 
gain significant at 
P <0.001. 
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little vitamin A was required to bring about normal 
growth in the animals. That is raising the dietary level 
from 55 to 208 I.U./lb. of feed was associated with an 
average growth increment of 0.13 lb./day; but little change 
occurred above this level. Even though maximum gain oc­
curred at between 790 and 1540 I.TJ., 208 l.U. can be con­
sidered the mi nimum requirement for growth. 
The response curve for feed/lb. of gain cannot as 
yet be explained. 
Normality in the other three criteria (spinal pres­
sure, and plasma and liver vitamin A) again occurred at 
790 l.U., which is a somewhat higher level than for nor­
mality in growth. This suggests that the requirement for 
soft tissue accumulation is of a lower order than that for 
bone growth. This bone growth, although apparently ab­
normal at 208 l.U., is not sufficiently so, as to be re­
flected in weight gain. 
The Effect of Ambient Temperature on 
the Vitamin A Requirement of the 
Baby Pig, 
Exp. 779. February, 1957 
Purpose 
To compare the effect of "optimum" and low environ-
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mental temperatures on the response by baby pigs to 
graded levels of vitamin A, from 4 wk. of age and onwards. 
Method of procedure 
Experimental design, allotment and management of 
animals. Eighty pigs from sows fed throughout gestation 
and a 7 day lactation on a vitamin A deplete diet were 
placed on a vitamin A deplete prestarter at 7 days of 
age in the east wing of unit C at a room temperature of 
70°F until 3 wk. of age. The heat lamps were removed 
when the pigs were 2.5 wk. of age. The pigs were then al­
lotted at the rate of 4 pigs/pen to the 5 ration sub-
treatments in 2 main treatment groups at random from lit­
ter and sex outcome groups. Whole litters were allotted 
within each main treatment group forming a split-plot de­
sign factorial, with 2 replications within each temper­
ature.^ 
The pigs were allowed to adjust to these 5 rations 
for one week until they were 4 wk. of age. At this age 
one main group was transferred to the west end of Unit D 
•'"Owing to the design of the building this is a modi­
fied split plot arrangement in that the 2 replications of 
ration treatments occurred in a block within each temper­
ature. This resulted in no true error term with which to 
measure the main effect of temperature. However, the 
error for measuring the temperature X vitamin A level 
interaction was accurately assessed. 
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at a mean temperature of 55°!' and the other main group, 
which reached 4 wk. of age about 1 wk. later, was trans­
ferred to the east end of Unit D at a temperature of 70°F. 
This latter group was maintained in a warm environment 
. o 
with the temperature being lowered to a minimum of 65 F at 
the close of the experiment* The relative humidity for 
this group was kept at 35 percent until they were 8 wk. 
of age and then it fluctuated between 50 and 70 percent 
for the remainder of the experiment as a result of inclem­
ent weather conditions. The temperature for the other 
group was rapidly lowered within about 4 days to 45°F, 
where it was kept for the remainder of the experiment. 
The relative humidity for this group rose over the first 
few days to between 70 and 100 percent between which limits 
it fluctuated for most of the remainder of the experiment. 
The temperatures were measured by copper-constantine ther­
mocouples placed 6 inches above floor height in pens 2 
through 9 and 11 through 19, in the 2 ends of the building. 
These temperatures were recorded automatically every few 
minutes by a Minneapolis Honeywell potentiometer. However, 
in addition the temperatures were recorded manually twice 
daily from each thermocouple. The humidity was recorded 
on each of two humidographs placed at 4 ft. above the floor 
in each half of the building. 
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When the pigs reached 8 wk. of age the usual meas­
urements were taken of blood plasma and liver vitamin A 
and cerebrospinal fluid pressure. Twenty-four of the 
pigs, that is 1 from each pen plus 4 extra pigs from the 
basal treatments, were maintained on the experiment until 
they were 13 wk. of age. 
When these pigs had reached the age of 83 days each 
received an intraperitoneal injection of sterile saline 
solution of sodium lodide^l at the rate of 0.4 micro-
curies/lb. of body wt. It was ascertained that after 20 
hr. the thyroid glands had removed sufficient of the cir­
culating radioiodine. Each animal was then given an intra­
peritoneal injection of 2 g. of a suspension of thioura-
cil and.then all animals were placed on a feed containing 
0.5 g. of thiouracil/lb. Later the same day and at 24 hr. 
intervals for the next 9 days the activity of the thyroid 
gland was measured. This was accomplished by supporting 
the animal in a specially constructed canvas hammock pos-
essing a hole for each leg and a hole opposite the thyroid 
gland. The animals rested very comfortably in this and 
some fell asleep. One however, had to be administered 
pentobarbital sodium at each occasion. This sling was 
adapted for animals from 4 to 150 lb. body wt. 
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The activity was estimated by placing a bismuth cathode 
G-eiger tube in contact with the neck. In successive per­
iods of counting it was always placed in the same position, 
resting against the anterior end of the sternum. The 
counting rate was recorded by a Nuclear l8l A decade scaler 
at an operating voltage of 1200 v. To maintain a low 
counting error, counting was always continued until at 
least 5000 counts were accumulated, unless this would 
necessitate an extremely long wait. The counts were cor­
rected for background, and radioactive decay. The tube 
was tested extensively to determine its dead-time. This 
was found to be insignificant within the counting rate 
experienced during the experiment so no adjustment was 
calculated. The background rate was estimated by placing 
the tube in contact with the skin directly dorsal to the 
last lumbar vertebra. 
The adjusted counting rates for successive days were 
transformed to logarithms and the resulting values for each 
animal were used to compute by least squares the slope, 
or rate constant of secretion, b. This parameter of se­
cretion will, in the next experiment, be shown to be more 
precisely described by a higher order function of time. 
These b values were used in the succeeding statistical 
manipulations to elucidate the roles played by vitamin A 
l8o 
Table XXXIIa. Exp. 779* Rations fed from 1 to 3 weeks 
of age and from 3 weeks until the close 
of the experiment 
Ingredient 1-3 wk. 3 wk.-conclusion 
Dr. skimmilk (low heat, 
spray dried) 40.00 20.00 
Cane sugar lé.00 15.55 
Lactose 4.89 
G-r. white corn 10.00 41.00 
Solv. SB0M (50%) - 15.00 
Drackett assay protein 7.37 
Dr. brewerTs yeast 2.00 2.00 
Stabilized lard 4.00 
Dr. beet pulp 2.00 2.00 
Dr. whey (sweet) 10.31 
Iodized salt 0,^0 0.50 
Dicalcium phosphate 0.78  1.80 
Trace mineral mix (35-0-41) 0.15 0.15 
Vit-antibiotic premix 2.00 2.00 
100.00 100.00 
Calculated analysis as percent of diet 
Protein 24.93 18.76 
Calcium .84 .82 
Phosphorus .72 .75 
Table XXXIlb. Exp. 779.  Trace mineral mix (35-C-41) 
and vit-antibiotic premix 
35-0-41, see Table XIV. Vit-antibiotic premix, see 
Table ZXVIb. (1 to 3 wk. cor­
responds to 1 to 5 wk. in 
Table XXVIb and 3 wk to con­
clusion corresponds to 5 to 
8 wk. in Table XXVIb.) 
l8l 
















and temperature in the functioning of the thyroid gland. 
Rations. The depletion ration fed until the pigs 
were 3 wk. of age, and that fed from 3 wk. until the close 
of the experiment are all listed in Table XXXIIa and 
XXXIIb together with the vitamin A levels added. 
Results 
One week after the pigs started to receive the dif­
ferent levels of vitamin A, that is at 4 wk, of age,there 
was a noticeable lag in the growth of the basal groups. 
It should be remembered that the gestation period of the 
sows which produced these pigs extended through the depth 
of the winter. 
Scours associated with some vomiting and a very cold 
feeling of the same animals was noticed before subjection 
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to the low temperature. 137IS, receiving l600 l.U. 
was one of the worst of these. 1305S, receiving 400 
l.U. suffered a similar condition after being placed in 
the low temperature. It shivered considerably and so on 
3/31/57 was placed in the warm for 24 hr. on the same 
ration. Its growth was poor throughout the experiment. 
Scours of a type typical of baby pigs started to ap­
pear on 4/5/57 in the pigs under the high temperature. 
That is, from the age of 4.5 wk. onwards. 
A type of blindness and deafness diagnosed post 
mortem after the experiment as being due to an infection 
unconnected with the dietary regime was observed in 2 pigs 
in the low temperature. One of these pigs was receiving 
l600 l.U. and the other 6400 l.U. Their data were thus 
excluded from all computations. 
Pigs receiving the basal ration and some other pigs 
were observed to develop severe shivering in the cold 
temperature. This did not appear to adversely affect 
their performance. All the pigs in the low temperature 
developed a "bristling" hair-coat and since there were 4 
pigs/pen they were able to pile up in the corner (Plates 
XVIII to XXII). Both of these reactions must have helped 
to conserve body heat. 
Plate XVIII. Exp. 779» Comparison between a pig re­
ceiving the basal ration and one receiving 
100 l.U. in the high temperature at 8 wk 
of age. In addition to lack of size the 
basal presents a rougher hair coat and 
typical eye condition. 
Plate XIX. Exp. 779. A similar comparison to the one 
above showing a superiority in size and a 
more sleek appearance of the pig receiving 
400 l.U./lb. of feed compared to that re­






Plate 3%. Exp. 779» A similar comparison to that in 
Plate iVTII. There still appears to be a 
slight improvement in haircoat in going from 
400 l.U. to l600 l.U./lb. of feed. Otherwise 
there are no obvious differences. 
Plate XXI. Exp. 779• A similar comparison to that in 
Plate XVIII. The pigs receiving l600 and 
6400 l.U./lb. of feed appeared to be very-
similar. The dark area at the base of the 
head noticable in some of the photographs 
is the site of the spinal puncture. 
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The rates of gain up to 8 wk:. of age, were found to 
vary as a highly significant {P <0.001) quadratic regres­
sion on log. dose. The maximum rate of gain in the low 
temperature occurred at l600 l.U. However, the drop in 
gain beyond l600 l.U. was not significant. Similarly the 
slightly better apparent gain of those receiving 6400 l.U. 
compared to 1600 l.U. ii> the high temperature was not sig­
nificant. Thus the interaction of temperature and vitamin 
•A on gaining ability, suggesting a higher requirement at 
higher temperature only approached significance (see Graph 
XVI). The same trends in daily gain were apparent at 13 
wk. of age, although this was only computed from 23 re­
maining animals (see Graph XVII). There was by this time 
little difference in gaining ability amongst those groups 
receiving 400 l.U./lb. of feed or greater. After such a 
long experimental period it can be safely assumed that the 
animal was not drawing on any residual body reserves of 
the vitamin, and that any time lag in response to diet had 
been completed. Therefore it can be stated that 400 l.U./ 
lb. of feed was minimally sufficient for normal growth in 
these young pigs up until 13 wk. of age. The shape of the 
gain response curve does suggest also that the requirement 
is lower at 13 wk. of age than at 8 wk. of age. 
None of the trends in feed efficiency was significant. 
Graph afil Exp, 119* Effect of dietary vitamin A and 
ambient temperature on av. daily gain be­
tween 12.5 and 13.5 wk. of age. 
Graph XVIII. Exp. 119» Effect of dietary vitamin A and 
ambient temperature on blood plasma vitamin 
A content and the effect of dietary vitamin 
A on liver vitamin A content (the values for 
the 2 temperatures have been averaged) at 
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The apparent poorer efficiency of the basais in the low 
temperature compared to the high temperature, if real, 
may be a result of greater shivering occurring amongst 
these pigs. The overall trend in feed/lb. of gain with 
increasing amounts of the added vitamin bears a strong 
resemblance to that found in Exp. 74-3 and.725* This ob­
servation together with those for daily gain are shown in 
Table XXXIII and Graph XVI. 
As in previous experiments the other criteria used 
to estimate the response to the treatments applied gave 
similar numerical values to those arrived at in previous 
experiments at 8 wk. of age. Any effect of temperature 
on the response to vitamin A as,measured by plasma and 
liver vitamin A, or spinal pressure must be small and of 
little importance under conditions such as those which 
prevailed in this experiment. At l600 l.U./lb. of feed 
under both temperatures the average spinal pressure had 
reached normal values. Further, at this same level the 
plasma response curve on log. dose had passed the inflec­
tion point and a significant amount of vitamin A was pres­
ent in the liver. This is in accord with previous work 
in that it suggests a normality of these criteria at a 
minimal value of about 1000 l.U./lb. of feed. These re­
sults listed in Tables XXXIV and XXXV, and graphs XVIII 
and XIX indicate the shapes of the response curves. 
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Table XXXIII. Exp. 779. Total pen 
3 to 8 weeks of age 




and lb. of 
Replication Ration no. 
1 2 3 4 5 
(Gain) Low temperature*3 
1 75.6 140.7 141.1 






1 103.6 147.0 159.0 





(Feed/gain Low temperature 
1 2.07 1.8 9 1.90 






1 1.97 1.96 1.96 





aSignif. quadratic regr. P<0.001 
bSignif. quadratic regr. P<0.01 
°Signif. quadratic regr. P<0.05 
The measurement of the thyroid secretion rate was 
successful. It was decided that in future experiments 
absorption by the thyroid of circulating I1-^ would be 
more readily promoted if for a period just a few hours 
prior to and for about 24 hours after the injection the 
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Table XXXI7. Exp. 779. Plasma vitamin A content at 
8 weeks of age (Individual values) 
Ration no. Low temperature High temperature 
Rep. I Rep. II Rep. I Rep. II 
2.73 4.10 3.07 _ — 
1.28 — —  0.94 2.48 
1 1.28 — —  3.07 — —  
1.28 0.94 - — — 
4.78 2.48 2.48 6.23 
3.67 3.33 3.67 1.11 
2 2.73 4.36 2.31 3.67 
3.12 6.06 1.88 3.08 
8.34 9.48 9.74 
3 8.03 11.96 7.86 9.91 
12.72 11.19 9.22 10.16 
10.42 11.96 9.91 8.97 
23.37 17.42 11.70 27.24 
4 20.30 19.21 13.37 20.30 
19.90 21.32 14.26 23.23 
18.62 17.42 16.71 24.94 
29.21 21.18 24.94 
23.23 21.18 21.18 19.90 
5 23.36 27.24 23.71 37.41 
23.23 26.05 28.78 
animals be placed on a feed such as corn only. This would 
reduce the competition which the 1^1 experiences with 
dietary iodine. The majority of the pigs were not dis­
turbed by the sling, except for some receiving the basal 
ration, which were somewhat irritated. The values for 
the rate constants of thyroid secretion are shown in Table 
YTxVT and the shape of the response curve, which proved to 
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Table XXXV. Exp. 779. Cerebrospinal fluid pressures at 
8 weeks of age (individual values) 
Low temperature High temperature 
Ration no. Rep. I Rep. II. Rep. I Rep. II 
1 180 415 202 106 
530 277 390 380 
620 
2 169 218 197 253 
220 230 214 188 
194 178 288 117 
172 225 
3 90 173 130 134 
125 102 152 90 
145 115 121 
173 137 
4 109 80 84 103 
17 la 120 113 107 
113 100 113 
112 93 
5 130 85 6o 133 
132 - - -
- - .  - 55 
95 
aPig suffering from pathological condition similar 
to another pig which was diagnosed as acute diffuse 
meningo-encephalitis, leukoencephalomalacia and chronic 
periarteritis 
be a significant (P <0.05) quadratic regression of the 
average of both temperatures on vitamin A level, is shown 
in Graph XX. This indicates a maximum in secretion rate 
at 100 l.U. Neither the influence of temperature, nor 
that of the temperature X vitamin A level interaction on 
Graph XIX. Exp. 779. The effect of dietary vitamin A 
and ambient temperature on cerebrospinal 
fluid pressure at 8 wk. of age. 
Graph XX. Exp. 779. The effect of dietary vitamin A 
and ambient temperature on thyroid secretion 
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Table XXXVI. Exp. 779. Thyroid secretion rate constants 
(b) at 13 weeks of age using ll31 and 
thiouracil8 
Low temperature High temperature 
Ration no. Rep.I Rep.II Rep,I Rep.II 
1 0.0475 0.0356 0.0385 0.0410 
2 0.0839 0.1136 0.1572 0.0700 
3 0.1196 0.0383 0.0691 0.1304 
4 0.0703 0.0852 0.0790 0.1068 
5 0.0508 0.0534 0.0315 
aRegr. coefficient on vitamin A level is signif. 
quadratic regr. P< 0.05 
the rate constants proved to be significant. The apparent 
greater secretion rate in the higher temperature, if real, 
cannot be explained. In light of the design, which pur­
posely sacrificed accuracy on the main effect of tempera­
ture, this may be purely part of the litter component. 
Discussion of results 
. The pig gains in this experiment were quite good 
despite some earlier scouring. The scours which prevailed 
on the high temperature side were of a frequently seen 
kind. It might be suggested that they were promoted by 
the warm conditions - higher temperatures possibly being 
conducive to the growth of certain pathogens. However, it 
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cannot be overlooked that such scouring might be related 
purely to litter differences. 
It was earlier commented that the effect of dietary 
level on weight gain was noticed sooner in this experi­
ment than in previous ones. One reason for this may be 
the attainment of a greater degree of depletion in these 
pigs by the time they were allotted to the treatments. 
This appears feasible when it is realized that the gesta­
tion period of the sows extended through the depth of the 
winter, when there was little opportunity for them to con­
sume any green growing plants or weeds in the dry lots. 
The value of the response criteria for measuring the 
dietary adequacy in respect to vitamin A is well substanti­
ated in this experiment. 
The shape of the thyroid secretion rate response 
curve shows a similarity to that obtained for the ratio 
feed/gain in all the major experiments conducted on vita­
min A. In this respect the best feed efficiencies usually 
occurred in that region of dietary vitamin A in which the 
rate of thyroid secretion was greatest - the reverse being 
true for poor feed efficiencies. 
It cannot be ignored that the shape of this thyroid 
secretion response curve might be primarily controlled by 
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the growth rate of the animals, even though this growth 
is itself principally influenced by the dietary vitamin 
A regime. Thus the response curve for the thyroid may be 
connected only indirectly with vitamin A. It was hoped 
to clarify this point in the next experiment. 
The Rate of Thyroid Secretion in the Baby Pig, 
Exp. 797. July, 1957 
Purpose 
(1) To improve the technique of the measurement of 
thyroid secretion rate. 
(2) To discover whether this rate measured between 1 
and 2 wk. of age and again between 7 and 8 wk. of age has 
any connection with the performance of pigs fed the same 
diet. 
Method of procedure 
Allotment and management of pigs. Six pigs from each 
of 2 litters were weaned at 7 days of age and split so 
that the 3 heaviest pigs from each litter were placed in 
a pen separate from the j5 smallest in that litter. The 4 
pens were located in Unit G. The pigs were each immedi­
ately injected intraperitoneally with 15 microcuries of 
sterile sodium radioiodide in sterile saline. Twenty-four 
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hours later each received an intraperitoneal injection of 
a sterile suspension of 0.8 g. thiouracil, and was im­
mediately offered feed containing 0.5 g» thiouracil/lb. 
for 9 days. The activity of the thyroid of each pig was 
recorded daily for the next 10 days, the first being re­
corded approximately 28 hours post injection of the 
At the age of 7 wk. each pig was injected with 28 micro-
curies of sterile sodium radioiodide solution. In other 
respects the procedure used for injection of the isotope 
and thiouracil, and recording of the counts was similar 
to the procedure at the first injection, except for offer­
ing the pigs only corn for a few hours prior to, and for 
25 hours after the isotope injection. 
At 5.5 wk. of age the pigs were moved to the pens on 
the outside of unit B and then for the last counting period 
they were again moved to 4 pens inside unit A. 
The management of the animals was in other respects 
identical to that outlined in the opening paragraph of 
Experimental. 
Rations. Between 1 and 4 wk. of age the pigs re­
ceived a 40 percent dried skimmilk prestarter. ï'rom 4 wk. 
until the close of the experiment they were offered a 10 
percent dried skimmilk starter. Both rations contained 
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3000 I.U. of vitamin A/lb. and also 0.5 g. thiouracil/ 
lb. during the counting period. These rations are as 
listed in Tables XXXVIIa and XXXV'lib. 
Results and discussion 
The growth during the experiment was not very good. 
Feed consumption was initially not great and some pigs 
scoured badly. These together with the 2 changes in 
building may. account for some of this poor performance. 
It was noticed that thyroid function was very much re­
tarded until eating commenced. This may account for the 
positive correlation obtained between wt. gain and rate 
constants of thyroid secretion. 
The accurate measurement of thyroid function at 7.5 
wk. of age was very much facilitated by a higher level 
of activity obtained over the gland. Initial counting 
rates ranged from 7,000 to 17,000 c.p.m. This was, no 
doubt, due in no small part to the feeding of corn only 
at this time. 
The data concerning thyroid function at the beginning 
and end of the experiment together with gain are given in 
Tables XXXVIII and XXXIX. These data are compared with 
those from Exp. 779 in Table XXXX. It will be noticed 
that in this latter table the b values, which are the 
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Table XXXVIIa. Exp. 797« Rations fed from 1 to 4 weeks 
of age and from 4 to 8 weeks of age 
Ingredient 1 to 4 wk. 4 to 8 wk. 
Dr. skimmiIk (low heat, spray 
dried) 40. ,00 10. ,00 
Gr. yellow corn 9. •55 21. ,10 
Cane sugar 10. .00  15-,00 
Corn sugar 5, ,00 — 
Gr. oat groats — 20. ,00 
Solv. SBOM (50%) 17. .50  15. ,00 
Dr. brewer's yeast 1. ,00 — 
Stabilized lard 5. ,00 2. ,00 
Dr. beet pulp 2, ,00 
Dr. whey (sweet) " 2. ,50  10. ,00 
Fish solubles 2. 50 2. .50  
Corn steep water 1. ,00 - -
Iodized salt 0. ,5° 0. .50  
Dicalcium phosphate 0. ,60  1. ,30  
Calcium carbonate 0, .15  0. ,45 
Trace mineral mix (55-C-41) 0. ,20 0. .15  






,00 100. ,00 
Calculated analysis as percent of diet 
Protein 25.0 18.00 
Calcium 0.80 .80 
Phosphorus 0.70 .70 
rate constants in logarithms have been converted to per­
centage rate constants using the formula (j.00^ - [antilog 
(2-bjj. These constant percentage rates are considerably 
greater than those reported for dairy cattle (140, 250) 
and sheep (96, 215). However, the use of thiouracil as 
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Table XXXVIIb. Exp. 797. Trace minera1 mix (35-C-41) 
and vit-antibiotic premix 
35-0-41, see Table XIV 




Vitamin A, I.U. 
Vitamin D2, I.U. 
Riboflavin, g. 












Choline chloride, g.(70% liquid) 4.67 
Vit. Big (20 mg./lb.) lb. .10 
Parvo Xy% folic acid), g. 2.00 
A-tocopheryl acetate, g. (My Va Mix)g2.7 
Ascorbic acid, g. 30.O 
.1 
1.0 















Total, lb. 2.50 2.50 
a metabolic block no doubt accounts for some of this dis­
crepancy. Thiouracil use eliminates the error consequent 
upon recycling of radioiodine back to the thyroid gland 
after the tagged thyroxine has been utilized. .If thioura­
cil had not been used, and a fairly precise estimate of 
the rate constant were desired, it would be necessary to 
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Table XXXVIII. Exp. 797. Gains, feed consumption, and 
thyroid secretion rates measured during 
the first 8 weeks of life 
(Groups of three are pen mates) 
Ini­
Feed/lb, 
Thyroid Gain Thyroid 
tial Gain rate con­ from rate con­
Pen wt. 1-2 wk. of gain stant at 1-7 stant at 
no. (lb.) (lb.) 1-2 wk. 1.-8 wk. wk. 7*5 wk. (b)a (b)a 
. 7.0 2.8 .245 34.4 .291 
29 5.7 1.7 1.27 .237 28.1 " .260 
6.2 1.1 .109 29.0 -.315 
4.9 1.2 .143 — — am mm 
30 5.4 0.6 1.55 .207 18.7 -.315 
4.0 1.1 .095 16.5 * .311 
7.8 0.5h .074 31.6 '  .238 
31 7.7 -1.2b 4.50 .121 23.8 .341 
6.8 1.5 .147 35.1 . 290 
8.7 1.5 .172 40.4 ' .315 
32 9.0 1.9 1.90 .097 43.7 .123 
9.5 0.5 .095 40.1 . 304 
aSlope of log. corrected thyroid activity on days 
bThis pig suffered from severe scours for the first 
week. 
estimate the rate of recycling as discussed by Blincoe 
and Brody ( 16). 
It would appear from Tables XXXVTII and XXXX and exam­
ination of the individual response curves that much of the 
relationship between gain and secretion rate constants at 
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Table XXXIX. Exp. 797. Pen average gains and pen average 
thyroid rate constants at 2 weeks and 8 
weeks of age 
Pen no. 2 weeks of age 8 weeks of age 
Gain : 1 to Rate constant Gain 1 to Rate con-
2 wk. (lb.) (b) 7 wk» (lb) stant (b) 
29 1.87 .197 30.5 .289 Litter 
30 0.97 .148 1-7.6 .313 2630 
31 0.27 .114 30.2 .290 Litter 
32 1.30 .121 41.4 .247 2630 


















1.8 12 .1453 28.1 .292 
7.5 11 .2810 47.6 -.514 
13.0 16 .1679 32.1 .383 
aAssuming linearity of regression of log. counts 
on days 
1.8 wk. of age was connected with how early in the experi­
ment the pig commenced to eat and how much feed was con­
sumed individually. The correlation coefficient r of 
.292 was computed from the functions b, and gain from 
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1 to 2 wk. of age/initial wt., since so much of this early 
gain is dependent upon initial weight. The time of ini­
tial feed consumption was observed for each individual 
and it appeared as though proper functioning of the gland 
was dependent upon the commencement of feeding. This 
would tend to make positive any correlation between gain 
and this parameter of the thyroid gland. 
The rate of secretion in these pigs increases up to 
8 wk. of age, but there does not seem to be much litter 
effect that could not also be explained as a result of 
a growth differential. By 8 wk. age the coefficient of 
correlation, r , of rate constant and gain has become 
negative to the extent of 0.514. This is computed from 
b and total gain. The correlation between b and the 
ratio gain/initial wt. is -.411. 
Plotting of the response curve for the pigs at 8 wk. 
of age suggested a non-linearity of log. corrected counts 
on days. This is contrary to all other work reported 
from other stations. Analysis of variance of the data 
showed that the assumption of a quadratic relationship 
significantly reduced the variation of the observed values 
about the mean response line. Therefore it was considered 
that this secretion phenomenon was a higher order function 
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of time. The shape of the curve suggested that y, was 
a function of x and x (x = time in days and y = log. 
corrected counts). A prediction equation of the form 
A p 
y = a + bx - ex 
was fitted by partial regression and found to be 
y s 4.04-f-.0194x - .0334x^ (see Graph XXI). 
The logic of this outcome can easily be appreciated 
when it is considered that if the rate of secretion had 
followed the compound interest law as suggested by other 
workers (16, 191b) then the total thyroxine output/day 
would be steadily decreasing. As the quantity of circu­
lating thyroxine diminishes a response by the anterior 
pituitary would be elicited, in that it would in turn in­
crease its output of the thyrotropic hormone. This would, 
in turn, stimulate the thyroid to a greater rate of output 
and so bend the response curve downward toward the x axis. 
The reason for this not being noticed with larger 
species (191b) where thiouracil was used, may be that the 
secretion rate is of a much lower magnitude and so any 
deviation from linearity in the response curve would be 
small, and difficult to detect, considering the experi­
mental error. 
The above comments do not mean that the technique 
is valueless at all, but suggest that further work must 
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be done to clarify the situation. 
General Discussion 
Response criteria 
The vitamin A requirement for the young pig has been 
investigated over a period of 3 years at this station. 
The various experiments have been carried out in differ­
ent seasons and with varying management procedures. Be­
fore any final conclusion can be drawn as to this require­
ment under the conditions tested it is of importance to 
consider in a broad aspect the legitimacy and precision 
of the various criteria used to estimate the dietary ade­
quacy. Not only this but it must be considered also 
whether the picture formed by each criterion can be eas­
ily interpreted. 
It is proposed therefore to investigate these cri­
teria in light of the above statements. In order that 
any cirterion might be valid it must truly reflect the 
health of the animal insofar as this is of economical im­
portance. As meat is the product in view, and pigs are 
bartered by the pound, weight gain is obviously the most 
valid criterion. It need not, in fact, reflect any other 
function of the body if it can be ascertained that a par­
ticular minimum vitamin A level, which produces maximum 
Graph XXI. Exp. 797. A curve fitted 
to the decrease in cor­
rected I131 activity of 
the thyroid gland over an 
8 day period in pigs 8 wk. 
of age at the end of this 
period. 
Graph XXII. Exps. 725, 743 and 779. 
Cerebrospinal fluid pressure 
in mm. of saline, on log. 
dose of vitamin A up to the 
minimum adequate level, at 
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gain, will also produce the maximum under all conditions 
that the pig is likely to encounter in practice. Herein 
lies one difficulty, as it is possible to conceive of a 
situation in which pounds gain are maximum yet some meta­
bolic function of the animal is suboptimum. This latter 
condition would not necessarily be reflected in weight 
gain in the particular conditions under which the experi­
ment, is conducted. This in fact would be indicated by 
the outcome of the earlier experiments reported, where 
growth rate was far from the best and perhaps, in conse­
quence , the imposed varying regimes of vitamin A were not 
translated into any growth differential. Further, in the 
main experiments it was shown on two occasions especially 
that maximum gain was not necessarily accompanied by a 
normal condition of all functions investigated. Since 
the experimenter wishes his results to have as wide an 
application as possible it would be unwise to put forward 
a minimum requirement which produced maximum gains, yet 
was not accompanied by a completely healthy animal. 
It was stated without reservation that for instance 
on a growth response curve the maximum gain is selected 
as the optimum response corresponding to some fixed dose. 
However, in consideration of the variability of biologi­
cal data it is not always possible to define as close as 
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might be desired the point of maximum response. Not only 
this, but when some less obvious criteria are employed, 
or when criteria which are only indirectly related to the 
economy of the product aimed at are made use of, it is 
not easy to isolate that response, which can be consider­
ed optimum. 
In biological assays the steepness of slope of the 
response curve and the extent to which individual obser­
vations vary about the mean response line are two statis­
tics which can be used to measure the sensitivity and pre­
cision of any particular criterion. 
With a view to crystallizing the mass of data into 
simple numerical data, which would measure these two 
parameters, use was made of the lambda value suggested 
by Bliss in Gyorgy (85b, 2:41), for biological assays. 
This is simply the experimental standard error divided 
by the linear regression coefficient of a particular re­
sponse criterion. These values are listed in Table XXXXI 
for Exp. 725, 743 and 779. Responses only up to and in­
cluding 790 I.U. of vitamin -A/lb. of feed are used for 
Exp. 725. Similarly for Exps. 743 and 779 data only up 
to and including 1540 I.U. and léOO I.U., respectively, 
are used. In this study only that part of the curve in 
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Table XXXXI. Comparison of the precision of 3 criteria 
of adequacy using the statistic lambda 
(85a) 
Spinal Plasma Weight 
fluid Vitamin A gain 
pressure (mcg./lOO ml.) (lb. ) 
Experiment no. j 
725 -I.931 0.730 1.514 
743 -0.942 0.878 2.377 
779 -0.836 0.670 0.759 
Av. -1.236 .759 1.550 
in which the response varies to any considerable extent 
with dose is of interest. Above the levels stated the 
responses remained relatively constant with increasing 
dose. 
Since it was only of value to compare the precision 
of criteriaj.within each experiment, and to compare the 
average responses, the x values were left coded in the 
computations. This means that since the progressions 
used in the x variable in each experiment differ in mag­
nitude it is not valid to compare lambda values between 
experiments, although the average values may be compared. 
As a low absolute value indicates high sensitivity 
it can readily be seen that in Exp. 725 the plasma content 
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of vitamin A was the most sensitive, with spinal pressure 
the least. In the other 2 experiments again the plasma 
contents were the most sensitive, but in Exp. 74-3 the 
spinal pressure was superior to gain and in Exp, 779 the 
reverse was true. The average lambda values show plasma 
to be the most sensitive and growth the least. It should 
be remembered also that gain data were obtained from all 
animals, whereas the pressure of the cerebrospinal fluid 
was only obtainable from about two thirds of the. animals. 
However, in knowledge of the earlier arguments this rank­
ing cannot be taken as the only criterion in the evalua­
tion of a response criterion. The level of response de­
sired must be readily definable and its relation to the 
performance of the animal must be proven. The answer to 
the first of these is facilitated if there is a sharp 
change in the slope of the response curve at a response 
which can be considered normal or desirable. In the case 
of the plasma values an inflection point in the plot of 
log. dose on response can be detected in all experiments 
(Graphs V, XII, XV and XVIII). Since this is also the 
point at which the cerebrospinal fluid pressure reaches 
generally accepted normal values the inflection point can 
be considered as a valid one, representing an attainment 
of normality. However, inflection points are difficult to 
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define closely from biological data. 
The maximum daily gain, since it is the main end 
in view, is readily observed if it differs significantly 
from surrounding rates of gain. The maximum value, how­
ever, varied between diets containing 10? and l600 I.U. 
of vitamin A/lb. (Graphs VI, mi, XIV, XVI and XVII). 
The problem is rectified considerably by the cerebro­
spinal fluid pressure response. This pressure described 
a linear response on log. dose until normality was reached. 
At this point there was a very sharp change in the slope. 
In fact, thereafter, as the dose was increased, there was 
no change in the response, thus defining the point of min­
imum adequacy quite precisely. 
These facts, together with that of the degree of re­
peatability between experiments, are brought out in Graphs 
XXII, XXIII and XXIV. It will be noticed in Graph XXII 
that although the absolute magnitude of the response at 
suboptimum dietary levels varies considerably between ex­
periments these response lines converge and approximate 
each other very closely, in respect to the dietary level 
at which the pressures in the 3 experiments become normal. 
This means that the repeatability of the point of mini­
mum adequacy is high between experiments when measured by 
Graph XXIII. Exps. 725, 743 and 779. Blood plasma 
vitamin A in mcg./lOO ml., on log. dose of 
vitamin A up to the minimum adequate level, 
at 8 wk. of age. 
Graph XXIV. Exps. 725, 743 and 779. Av. daily gain in 
lb. on log. dose of vitamin A up to the min­
imum adequate level, at 8 wk. of age. The 
av. rates for Exps. 725, and 743, are for the 
period 1 to 8 wk. of age. The av. rate for 
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the spinal pressure. Since the curves in these 3 graphs 
are clipped off at the point of normality, the plateau 
in the pressures and the curve beyond the inflection point 
in plasma values do not appear. 
It was noticed that a detectable liver storage of 
vitamin A corresponded almost exactly to the same dietary 
vitamin A level in Exps. 712, 725, 743, and 779. This was 
the level at which all other criteria investigated at­
tained normality. It would thus appear that when suffi­
cient vitamin A is provided in the diet to supply all bod­
ily functions any surplus above that is stored in the 
liver. It can be said then, in studying the liver data 
in which relatively few animals were involved, that the 
liver response is a very sensitive criterion of adequacy. 
The occurrence of liver storage in an animal which had 
previously been depleted indicates that its diet is at 
least minimally adequate in vitamin A. 
If this response of a minimum liver value is consist­
ent between experiments it can be logically argued that 
the requirement for vitamin A is at least not influenced 
to any great extent by the variation in conditions ex­
perienced in these experiments. This evidence is supported 
by lack of effect of temperature difference imposed in 
Exp. 779.  
Graph XXV. Exps. 712, 725,  743 and 779- Log. dose of vitamin A on 
log. liver vitamin A in mcg./g., over the entire range 
of dietary levels investigated at 8 wk. of age. 
I. u. 
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This point is brought out more clearly in Graph XXV 
which shows that the response in liver storage is almost 
identical in diverse experiments carried out in all sea­
sons and under many different management conditions. This 
response curve is so consistent that it can be said that 
liver storage from initially depleted pigs is not only an 
excellent criterion for adequacy, but also one which can 
be used to test the relative biological value to the pig 
of any vitamin A or carotene source. The repeatability 
of this criterion exceeds that of the other criteria just 
discussed. Graph XXV is a plot of log. dietary vitamin A 
on log. liver vitamin A and indicates that liver storage 
varies as a power function of dietary level in the pig. 
Other workers with-cattle (70) derived a linear response 
when the values along both axes were in arithmetic inter­
vals. This itself suggests a greater efficiency of utili­
zation of our vitamin source by the pig than the one used 
with the cattle. Yet it could also indicate that the pig 
has a greater tolerance for high doses, in that it prefer­
entially stores them rather than destroys them. 
In order to use this liver response curve for the 
evaluation of biological values the appropriate power 
function was fitted, and found to be log. y = 2.621+0.6642 
log. x, or y ; 182.4 6642 wilen y _ the predicted dietary 
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vitamin A content in I.U./lb. of feed and x = liver vita­
min A storage in meg. vitamin A/g. of fresh liver. 
Sulfur metabolism and bone growth 
Before the results of Exp. 688 and 755 can be dis­
cussed it is necessary first to summarize some of the dis­
cussion which took place in the literature review. 
Mellanby (l6l) emphasizes the activities of osteoclasts 
and osteoblasts in relation to vitamin A. It would appear 
in a deficiency of vitamin A there is a decrease in the ac­
tivity of osteoclasts, and as emphasized by Wolbach (246) 
a suppression of epiphyseal bone growth ; whereas in the 
presence of excessive quantities of the vitamin an over­
activity of osteoclasts occurs with consequent bone frac­
tures and a narrowing of the epiphyseal line. 
Dziewiatkowski (52) suggests that the decreased pro­
liferation of cartilage cells in deficiency is associated 
with a decrease in the rate of turnover of the chondroitin 
sulfate in the cartilage. Considering his data concerning 
both the serum and cartilage sulfur content it is evident 
that the administration of vitamin A to deficient rats in­
creases the uptake by the epiphyses of S^. This activity 
was shown to be concentrated in chondroitin sulfate. Fell 
and Mellanby (64) investigated the functioning of the same 
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compound, chondroitin sulfate, in the presence of ex­
cessive quantities of vitamin A. It was apparent that 
dissolution of the cartilage occurs in this situation ac­
companied by what appears to be a breakdown of chondroi­
tin sulfate. 
It thus appears to the present writer that vitamin A 
is involved not only in the synthesis of chondroitin sul­
fate, or sulfonation of chondroitin, but also in the break­
down of this substance. Therefore the quantity of this 
molecule present at any particular time would depend upon 
the relative velocities of anabolism and catabolism of the 
compound. 
In Exp. 133 the pigs were sacrificed 17 hours after 
injection of the isotope. This had been previously de­
termined in Exp. 688 to be the time of maximum uptake by 
cartilage of sulfur activity. Supplementation with vita­
min A brought about a decrease in chondroitin sulfate con­
centration at this time. This could either be the result 
of a decreased uptake of S^5 and decreased synthesis of 
"chondroitin sulfate or in a more rapid rate of turnover 
of this compound. A review of the literature would sug­
gest that vitamin A speeds up the dissolution of chondroi­
tin sulfate more rapidly than it speeds up its synthesis. 
This would not only reduce the total activity found in the 
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costal chondral junction, except for the early period fol­
lowing injection, but it would also cause the peak in ac­
tivity to occur earlier. 
The drop in specific activity of most tissues es­
pecially the costal chondral junction paralleled the drop 
in the cerebrospinal fluid pressure. This latter attained 
normality at 790 I.U. of vitamin A/lb. of feed, at which 
level the specific activity of the junction had reached a 
minimum. This would definitely support the hypothesis of 
Mellanby (162) that an elevated cerebrospinal fluid pres­
sure in vitamin A deficiency is brought about principally 
by a decrease in the rate of bone growth. It would also 
gp to support the validity of the measurement of the pres­
sure of the cerebrospinal fluid as a criterion of vitamin 
A adequacy in the pig. 
The slight elevation of the specific activities of 
most tissues at levels of vitamin A in excess of 790 I.U. 
cannot be explained, although it does parallel the depres­
sion in growth rate occurring at these levels. 
Thyroid function and vitamin A 
The occurrence of maxima or minima in responses at 
the middle levels of added vitamin A has been a character­
istic of these experiments, of which the one mentioned 
above is an example. It was demonstrated in Sxp. 779 that 
224 
this was also markedly the situation in respect to thyroid 
secretion rate. Minimum rates of secretion occurred in 
pigs receiving, not only the basal ration, but also those 
receiving the highest added level, 6400 I.U./lb. of feed. 
The average secretion rates at 100, 400 and l600 I.U./lb. 
of feed were much in excess of these 2 minima. The conse-
quenses of postulating that the decrease followed by in­
crease in activity of the tissues as increasing amounts 
of vitamin A were fed was the result of rate processes 
controlled by thyroxine would be interesting. This is not 
impossible as thyroxine is accredited with controlling 
metabolic rates. It is pertinent to point out that in 
all the main experiments reported here in which increas­
ing levels of vitamin A were used the response in feed/lb. 
of gain followed a quadratic trend with the most desirable 
conversion ratios in the middle levels of vitamin A. 
This outcome was a highly significant one (P<.0.001) in 
Exp. 725. As thyroxine is involved in metabolic rate and 
since vitamin A brings about a somewhat similar shaped 
response curve in thyroxine secretion, as it does in feed/ 
lb. of gain, it might be inferred that the nature of the 
feed/lb. of gain response was influenced directly by the 
thyroid gland. However, it might have been expected that 
the most desirable feed conversion would have been associ­
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ated with a mi nimum in the secretion rate. Yet, this is 
not necessarily the case with young growing animals. Fur­
ther, it must be admitted that our knowledge of the com­
ponents of feed efficiency in the pig is scarce and an in-
explainable consistent response curve for it must often be 
expected. The direct relation of thyroid function to 
feed efficiency is being studied presently, by obtaining 
data on individual feed consumption. This work, however, 
is not being discussed in this dissertation. 
Plate XXII. Exp. 779* One of the 2 replications of 
the basal treatment under the cold environ­
ment for comparison with Plates XVIII to 
XXI. In addition to the stunted bone 
growth, lack of flesh and eye condition the 
pigs show the typical thick and outstanding 




SUMMARY AND CONCLUSIONS 
Twelve experiments have been reported involving 360 
pigs. In most of the major experiments, designed to es­
timate the vitamin A requirement, the pigs were out of 
sows reduced in their vitamin A reserves by being fed a 
vitamin A deplete ration throughout gestation and lacta­
tion. All pigs were weaned at 7 days of age. Except for 
Exp. 712, the vitamin A offered was Rovimix, a dry stabil­
ized product produced by Hoffmann-LaRoche Inc. The added 
vitamin A levels tested ranged from 14.5 to 11,393 I.U./lb. 
of feed, and the response to these was estimated for the 
most part at the end of a 7 week feeding period. The cri­
teria investigated and used to measure the response of the 
animal to diet were : weight gain, feed/lb. of gain, plasma 
and liver vitamin A contents, cerebrospinal fluid pressure, 
the rate of S-^ metabolism, the rate of secretion by the 
thyroid gland, the occurrence of gross, clinical symptoms 
of deficiency and the examination of histological sections 
of parotid salivary glands and of the costal chondral junc­
tions. 
Of the criteria used on most of the animals the re­
sponse of the plasma vitamin A was discovered to be most 
sensitive. However, as it is difficult to decide from the 
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plasma response curve the region of normality it is nec­
essary first to consider other bodily functions more 
readily interpreted. As the dose of vitamin A is in­
creased the region of minimum normality in the cerebro­
spinal fluid pressure is readily observed. This pres­
sure response is also consistent between experiments. 
Minimum normality in this pressure corresponds to between 
17 and 18 meg. of vitamin A/lOO ml. of plasma according 
to the chemical method used. This plasma level can then 
be considered as that corresponding to a minimum adequate 
diet. 
The response in liver accumulation which was investi­
gated in fewer animals was found not only to be very sen­
sitive but also extremely consistent between experiments. 
The response is simple of interpretation, since measurable 
storage in animals previously depleted was associated with 
normality in other response criteria. 
The results indicate that the minimum adequate level 
for the young pig kept under the conditions reported is 
about 800 I.U./lb. of feed. A more detailed summary of 
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the requirement for the young pig is given in Table XXXXII. 
The relationships between vitamin A, sulfur metabolism 
and thyroid function have been discussed. 
Table XXXXII. The vitamin A requirements of the pig be­
tween 1 and 8 weeks of age 
Added vitamin A (I.U./lb. of feed) 
Response For minimum ade- For maximum or op-
criterion quate response timum response 
Weight gain 200 200-1500 
Feed/lb. gain — — 55-800 
Plasma vit. A 800 800 and above 
Liver vit. A 8oo 800 and above 
Cerebrospinal fluid Pr. 8oo 800 and above 
S" Metabolism 800 800-3000 
Thyroid function 100 100-? 
Clinical symptoms 100 100-? 
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